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START.STOP PRINTING TELEGRAPH SYSTEMS. 
A. E. STONE, A. R. C. Sc. 


URING the last decade there have been 
D extensive developments in the use of 
Type-Printing Telegraph Systems on 
inland circuits in this Country. Most of 
the circuits, carrying comparatively heavy 
traffic between zone centres, have been equipped 
with multiplex systems, and the working 
capacity of these is being increased by the 
substitution of automatic transmission for the 
direct hand transmission such as is still em- 
ployed on a number of Baudot circuits. @n the 
less heavily-worked circuits, over which the peak 
hour load does not exceed тое to 120 average 
messages per hour in each direction, the ten- 
dency at the present day is to use Start-Stop 
Printing Telegraph Systems, and it is proposed 
in this and subsequent articles to describe such 
of these systems as are in extensive use. Мо 
attempt will be made to trace their historical 
development. 

START-STOP PRINCIPLES.—AII start-stop sys- 
tems use a standard keyboard similar to that of 
a typewriter, and transmit signals direct to line 
through the agency of a mechanical distributor. 
The latter merely consists of a battery of cams, 
arranged to operate a number of transmitting 
contacts at certain regular intervals. At the re- 
ceiving end, a single electromagnet controls, 
through another mechanical distributor, the 
action of the selecting and printing mechanism. 

Both the sending and the receiving distributor 
are at rest, normally, but immediately a key is 
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depressed at the sending end they are set in rota- 
tation. They are both stopped after completing 
one revolution. It is essential, of course, that 
the two distributors should rotate at the same 
speed, and this is ensured by governors and 
speed setting devices. If the speeds are set cor- 
rectly and the governors function properly, very 
little phase displacement can occur betweea the 
distributors during each revolution; the slight 
changes of phase that may occur are insufficient 
to cause indifferent working and cannot accumu- 
late because the distributors are brought into 
phase, automatically, each time they stop, which 
as explained, is on the completion of each revo- 
lution. 

A five-unit code is used for the actual character 
combinations, but each is preceded by a“ start "' 
impulse, which is of the same length as each 
character unit, and followed by a '' stop °’ im- 
pulse, which has a length of 14 units. From a 
line transmission point of view each character, 
therefore, has a code length of 7% units; hence 
start-stop systems have a slight advantage over 
Morse, in which the average length of a charac- 
ter is 8 units. The '' start ' and “© stop "' im- 
pulses are essential in order to ensure that the 
receiving distributor shall start and stop for 
each character signalled. ` 

The application of the foregoing principles te 
the start-stop systems in use in this Country will 
now be described. 
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TELETYPE No. 


2 START-STOP PRINTING 
general view of this instrument is shown in 
Fig. 1. The cover has been removed in Fig. 2 
to show the mechanism. The ‘Transmitting 
and Receiving units are mounted on one base 
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and driven by a single series-wound motor of 
1/40th H. P. Plugs and cords are fitted, which 
make connections with sockets mounted on the 
instrument tables, to facilitate the changing of 
the apparatus in the event of faults. The work- 
ing speed is 40 words per minute, and printing 
is effected bv bringing a paper tape into rolling 
contact with a rotating tvpewheel in a manner 
similar to that of the Baudot Receiver. 


Fic. 2.—MoRKRUM TELETYPE No. 1A, WITH COVER OFF. 
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The five-unit code used is shown in Fig. 3. It 

will be seen that the ''start " impulse is a 

spacing unit, and the“ stop impulse a mark- 

ing one of length 14 units. Letter Shift and 

ligure Shift signals are employed, so that one 
particular combination of units may be made to 
represent either a letter or a secondary character 
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(such as figures, etc.) by preceding it with the 
letter shift °’ or '' figure shift '" combination, 
respectively. 

Transmitting Mechanism.—Referring to Figs. 
4 and 5, it will be seen that there are 5 selector 
bars directly underneath the key levers of the 
keyboard. The upper edges of these bars are 
notched in a definite manner to suit the code, and 
when a key is depressed it causes one or more of 
these bars to move either to the right or to the 
left according to the oblique side of the notch in 
each bar acted upon bv the key lever. Thus in 
Fig. 4 the operation of the key lever shown 
would cause the selector bar to move to the left. 
The movement of any bar to the right represents 
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Simultaneously with the setting of the Selec- 
tor-bars, which takes place when a key is de- 
pressed, a Universal bar is actuated bringing 
into operation a clutch mechanism and causing 
the Transmitter Cam spindle S to make one com- 
plete revolution. The six cams mounted on this 
spindle together with the associated contact 
levers and transmitting contacts, constitute the 
mechanical distributor of the Transmitter. 

The contact spring b of each set of transmit- 
ting contacts acts on the end of its controlling 
contact lever and forces it to ride on the rim of 
its associated contact cam. The mechanical 
arrangements are such that when a selector bar is 
moved to the left, the upper end of its locking 


GEARED TO 
TRANSMITTER 
CAM SHAFT 


KEYLEVER 


KEYBOARD SPRING | coo 
ЖЕЕ 
н UNIVERSAL 
ADJUSTABLE н \ BAR 
LINK SELECTOR 
RESTORING BARS 
SPRING 
Fic. 5. 


a spacing unit of the code, and movement to the 
left a marking unit. For example, if key К be 
depressed, the code for which is 1, 3, and 3 
spacing, and 2 and 4 marking, selector bars 1, 3, 
5 will be moved to the right and bars 2, 4, to the 
left. Each Selector Bar acts on a Locking 
Latch, which, in conjunction with a Contact 
Lever, controls a Transmitting Contact. There 
are five such Contact Levers and Transmitting 
Contacts corresponding with the five Locking 
Latches. А sixth Contact Lever placed at the 
rear of the others controls a sixth set of Trans- 
mitting Contacts, which give the“ start ° and 
“© stop ’’ impulses. 


latch is positioned so as to be clear of the end of 
the associated contact lever and the projection H 
on the latter can rise into the notch in the cam on 
which it rides, thus allowing the contacts a and 
b to close and to send out an impulse. If, how- 
ever, a selector bar is moved to the right, its 
locking latch will be moved to such a position 
as to prevent the contact lever from rising into 
the cam notch and the corresponding transmit- 
ting contacts will remain open. 

АП the six contact springs a are electrically 
connected to one pole of a battery D, while all the 
back contact springs b are connected to the line 
or to a transmitting relay, according as the 
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circuit is to be worked single or double current. 
It is not possible for any two of the contacts to 
be closed simultaneously because the notches in 
the six cams are staggered as shown in Fig. 4. 

When the cam spindle is at rest the sixth 
contact lever, which is not controlled by a locking 
latch, rises into the notch in cam 6 and closes the 
sixth set of transmitting contacts. Immediately 
the cams start to rotate, this lever is forced out of 
the notch and the contacts open. The circuit is 
not closed again until another contact lever rises 
into а cam notch. This break in the circuit, the 
duration of which is never less than the time of 
one unit, is the ‘‘ start °’ impulse. After the five 
units representing the signal have been sent out 
by the cams, the sixth contact lever again closes 
its contact springs, sending out the ''stop " 
impulse. 

The locking latches are held in their set posi- 
tions by the Locking Loop, which drops and 
engages with their upper ends when the cam 
spindle starts to rotate. This locks the selector 
bars and prevents the depression of another key 
until the character selected has been transmitted. 
The Unlocking Cam raises the Locking Loop 
and frees the latches just before the cam spindle 
completes its revolution. 

Clutch Mechanism.—The clutch mechanism 
for driving the Transmitter Cam Spindle is 
shown in Fig. 5. 

The spindle XX, to which is fixed the Driven 
Disc, is normally at rest, but the Driving Disc 
which is mounted on a sleeve on XX rotates con- 
tinuously. The Universal Bar is operated when 
a key lever is depressed and, in actuating the rod 
H, trips the Clutch Lever Latch CLL, thus un- 
locking the Clutch Lever CL and allowing the 
Clutch Spring S to move the spindle XX to the 
left. This brings about the engagement of the 
Clutch Discs setting in motion the Transmitter 
Cam Shaft. Fixed to the end of XX is a cam C, 
which bears against a roller т mounted on CL. 
Towards the end of the revolution of XX, spring 
S1 causes r to drop into a notch in the face of 
cam C, and CL is then re-engaged by CLL, 
which was restored to its original position by 
spring S2 immediately the key lever was re- 
leased. As XX and the cam C continue to 
rotate, r rides out of the notch, but as CL is now 
locked by CLL the effect is to force C and there- 
fore XX to the right and to uncouple the clutch 
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discs. А jockey roller drops into a notch in the 
cam, fixed to XX, at the end of a revolution to 
ensure that the cam shaft will alwavs come to rest 
in its proper position. 

Receiving Mechanism.—This resembles in 
many respects that of the Baudot Receiver ; only 
one electromagnet, however, is used for the re- 
ception of incoming signals. The principle of 
the selecting mechanism is shown in Fig. 6. 
EM is the electromagnet, the armature of which 
is attracted when signalling is not taking place, 
because normally the sixth Transmitting Con- 
tacts at the Sending Station are closed and send 
out a marking current. On the receipt of the 
“start °” signal, which precedes a character 
combination, this marking current ceases so that 
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EM is de-energised and its armature is pulled 
upwards by the spring S3. 

The typewheel axle gears with the clutch 
spindle XX, which is normally at rest. When 
the armature of EM moves upward on the receipt 
of the “ start °’ impulse, the armature projection 
AP trips the Toggle Latch ТІ, and releases the 
Toggle TK. The clutch spring S then moves 
XX to the left and causes the clutch discs to 
engage in a similar manner to that described for 
the Transmitter. The ‘‘ stop’’ impulse re- 
energises EM and the attraction of its armature 
allows TK to be re-engaged by TL. Cam C 
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acting en reller 7 brings abeut the disengage- 
ment ef the clutch discs and the typewheel shaft 
cemes te rest after it has cempleted ene revelu- 
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tion. A brake mechanism is previded te ensure 
that the retating parts shall come te rest witheut 
undue sheck. 

The mevements of the armature, after its re- 
lease by the ‘‘ start °’ impulse, depend upen the 
inceming character combinatien ef signals. 
They centre! the action ef a shuttle reller SR, 
which retates with the typewheel shaft. This 
reller presses en a circular cam ring CR under 
the actien of spring SS. There are five indents 
in the surface ef this ring and projecting threugh 
a hele in the bottom of each is a Selecter Pin P. 
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While the armature is in its attracted pesitien, 
SR is free te drep inte the indent ever which it 
may be passing, causing the pin P te meve back- 
wards and actuate an asseciated Selecter Lever 
SL. If, hewever, the armature is in its upward 
positien, its extensien AE cemes behind the 
raised ring RR en the sleeve which carries SR, 
and thus prevents the latter frem drepping inte 
an indent. The correspending selecter pin and 
selecter lever will not be actuated in these cir- 
cumstances. This arrangement ferms the 
mechanical distributer ef the Receiver. 

The five selecter levers contrel five Selecter 
Plungers SP, which in turn set five Seekers. 
Each selecter plunger is held firmly in either ef 
its twe pesitiens by a Detent Reller DR 
mounted at the end of a flat spring SPDS. 
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Selling of Seekers.—Mounted on the type- 
wheel axle is the Cembiner Wheel consisting ef 
two discs S and M, between which is a Separater 
Plate. On the rims of S and M are cut, in 
definite positions, a series ef netches, those en 
the frent disc M representing marking units of 
the code and these on the back disc S spacing 
units. The arrangement of the netches (shaded) 
fer several successive characters en the type- 
wheel is shown in Fig. 7. 

The five seekers with the aid ef the cembiner 
translate the inceming impulses inte mevement 
of a paper tape against the typewheel fer print- 
ing the desired characters. Each seeker has a 
square flat head which presses against the heads 


6 START-STOP PRINTING 


TELEGRAPH SYSTEMS. 


of the adjacent seekers. Normally the toes of all 
the seekers press on the rim of disc S of the 
combiner, under the action of the Trip Lever 
Spring attached to the Trip Lever. The latter 
is pivoted in the same manner as a seeker and its 
head presses against the head of No. 1 Seeker 
(see Figs. 8 and 9). 
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When a character is being received, the five 
selector plungers are pushed forward, or not, 
according as the incoming impulse is a marking 
ога spacing unit. Fixed to the back of the com- 
biner is the Selector Cam SC, and immediately 
opposite it there is a gap in the separator plate 
(see Fig. 7). As SC moves with the combiner 
its setting face catches the lower end of a selector 
plunger, if it has been pushed forward, and 
forces it to strike the end of the shaft of the 
corresponding seeker. As the gap in the 
separator plate is, at this instant, passing the 
toe of the seeker, the latter is moved to disc M 
of the combiner. In this manner the five 
seekers are set, some being forced on to disc M 
and some allowed to remain on disc S according 
to the character being received. Immediately а 
seeker has been set, its selector plunger is re- 
stored to 1ts normal position bv the re-setting 
face of SC (see l'ig. 8). 

Print Arm Release.-—M a particular part of 
the revolution of the combiner, and therefore of 
the tvpewheel, there is for each character a com- 
hination of notches on the two discs, into which 
the toes of all the seekers can drop under the 
action of the Trip Lever spring (see Fig. 9). The 


trip lever head moves to the right with the seeker 
heads and its lower end moves to the left, 
striking the Trip Pawl. The latter then disen- 
gages from a projection on the Print Arm, 
which accordinglv moves in an anti-clockwise 
direction under the action of the Print Arm 
spring. 

Paper Feed and Printing (see Figs. 10 and 11). 
—A drawer is fitted in the base of the instrument 
to accommodate a roll of paper tape. The tape 
passes over the Tape Guide Post, round a Print 
Roller mounted at the end of the Print Arm and 
thence between a Feed Roller and a Tape Ten- 
sion Roller. The Feed Roller is mounted on the 
same spindle as the l'eed Ratchet and turns with 
it. When the print arm moves upwards on be- 
ing released, the Feed Pawl engages with the 
Feed Ratchet causing it and the Feed Roller to 
turn andthe tape to move forward with the Print 
Roller. While the print arm is being returned 
to its horizontal position the Check Pawl holds 
the Feed Ratchet and thus prevents the tape 
from moving back. Consequently the tape is 
fed forward on the Print Roller the space of one 
letter. 
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Mounted behind the tvpewheel and on the 
same shaft is a Ratchet Wheel. When the 
Print Arm is released a pointed projection from 
it, termed the Print Dog, enters a notch in the 
Ratchet Wheel corresponding with the character 
to be printed, and is carried bv the wheel to the 
left until clear of it. The tape is thus brought 
into rolling contact with the inked tvpewheel and 
the desired character is printed. 
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Immediately printing has been effected, the 
Re-set Cam attached to the front of the Com- 
biner restores all the seekers to disc S. It 
should be noted that the Selector Plungers are 
set during one revolution of the Typewheel axle, 
but the seekers are set and printing takes place 
during the next revolution. 
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. Re-setting of Print Arm (see Fig. 12).—When 
the Print Arm is released it forces the lower end 
of the Re-set Lever to the left, thus moving its 
upper end so that it lies within the path of the 
Re-set Roller mounted оп the back of the 
Ratchet Wheel. This roller subsequently acts 
on the upper end of the Re-set Lever, causing its 
lower end to move to the right and force the 
Print Arm back to the horizontal position where 
it is held again by the Trip Pawl. The re-set- 
ting of the Print Arm takes place during the time 
that the smooth portions of the rims of the type- 
wheel and Ratchet Wheel are opposite the Print 
Arm in order to prevent the printing from being 
smudged and the Print Dog from fouling the 
Ratchel Wheel. 

Shift Mechanism.—The typewheel has on its 
rim the letters of the alphabet alternated with 
figures and other secondary characters, amount- 
ing in all to 56 characters, but is normally in 
such a position on its axle that only letters are 


printed. It must be angularly displaced by 
about 45° in order that secondary characters may 
be printed. The Shift Mechanism is shown in 
Fig. 12. The typewheel is fixed to a hub which 
is loose on the main shaft. .X Shift Spider is 
attached to this hub and its pointed extension 
engages with one or other of two notches in a 
Detent fixed to the Ratchet Wheel. This pro- 
vides the coupling between the Ratchet Wheel 
and the Typewheel. 

When the spider engages with the left hand 
notch of the Detent, the tvpewheel is in its cor- 
rect position for printing letters. If it is desired 
to print figures, the distant station sends the 
Figure Shift signal. The ordinary process of 
selection and release of the Print Arm occurs, 
but no printing takes place because the corre- 
sponding position on the Typewheel is a blank. 
The Print Dog, however, enters the space be- 
tween two teeth of the Ratchet Wheel which is 
occupied by the Shift Rocker toe. The latter, 
which is pivoted on the Ratchet Wheel, will 
therefore be turned and will cause the Shift 
Spider to move from the left hand notch to the 
right hand notch of the Detent, thus displacing 
the Typewheel relatively to the Ratchet Wheel 
sufficiently to bring the secondary characters into 
the positions previously occupied by the letters. 
The change back to letters is effected by sending 
the Letter Shift signal from the Distant Station ; 
in which case the Print Dog acts on the Release 
Rocker Toe, thus bringing the spider and there- 
fore the Typewheel back to its normal position. 
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The Governor (see Vig. 13).— The speed of the 
instrument is kept steady by a centrifugal gover- 
nor mounted on one end of the spindle of the 
series wound driving motor. It consists of a 
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hollow flywheel containing a contact spring, 
which, when it is held against a contact screw bv 
the tension spring shown, short-circuits a 
governing resistance in the motor circuit. When 
the governor rotates, the speed increases until 
the centrifugal force acting on the contact 
spring is sufficient to cause the latter to 
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move away from the contact screw, and 
immediately this occurs the governing resist- 
ance is inserted into the motor circuit causing 
the speed to decrease. The contact spring is 
accordingly pulled back to the contact screw and 
the short-circuiting of the governing resistance 
which results causes the speed to increase again. 
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This making and breaking of the contacts take 
place very rapidly and an average speed is main- 
tained depending on the tention of the control- 
ling spring. The motor circuit is connected to 
the contacts by two carbon brushes which press 
on brass rings let into the periphery of the fly- 
wheel. 

The speed is set by observing the alternate 
black and white bands, painted on the edge of 
the flywheel, through slits in the shutters of a 
tuning fork. If the speed be correct the bands 
will appear stationary ; if it be fast, however, the 
bands will appear to be moving in the direction 
of rotation; but in the reverse direction if the 
speed is slow. The speed may be decreased by 
slackening the tension spring by means of the 
adjusting wheel, or increased by tightening the 
tension spring. 

Circuit Connections.—The majority of the 
circuits in this Country are worked duplex, the 
differential system being employed as shown in 
skeleton form in Fig. 14; both ends are joined up 
alike. Two standard polarised relays are re- 
quired, one for the reception of signals and the 
other for transmitting purposes. The Trans- 
mitting Relay is joined in series with the Trans- 
mitter Contacts and a 24 volt battery, and its 
tongue is held to the spacing contact, normally, 
because the sixth contact of the Transmitter is 
closed. The negative current thus sent to line 
passes through the D to U coil of the neutrally 
adjusted Receiving Relay at the distant station 
and holds its tongue to the marking contact. 
This closes the circuit through the electromagnet 
of the Morkum Teletype at that end. The home 
Receiving Relay is not affected because the out- 
going current divides through it differentially. 
The Transmitting Relay at each end is set with 
a marking bias, so that it will respond to the 
breaking and making of the Transmitter Con- 
tacts when a key is operated and thus sends out 
signals to the line. 


(To be continued.) 
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HE linking together of the Royal Obser- 

vatory at Greenwich with the Post Office 

Radio Station at Rugby for the distribu- 

tion of Greenwich Mean Time is an event of 
outstanding interest. 

Two hundred and fifty years have passed 
since the establishment of the Observatory in 
Greenwich Park in 1675. It was erected in the 
reign of Charles the Second and the terms of the 
original appointment are as follows: — 


“ Warrant for the Payment of Mr. 
Flamsteed's Salary. 
CHARLES REx. 

Whereas, we have appointed our trusty and 
well-beloved John Flamsteed, Master of Arts, 
our astronomical observator, forthwith to apply 
himself with the most exact care and diligence to 
the rectifying the tables of the motions of the 
heavens, and the places of the fixed stars, so as 
to find out the so-much-desired longitude of 
places for the perfecting the art of naviga- 
tion. . ” 


Now, in December, 1927, the direct distribution 
of Greenwich Mean Time to the whole world has 
become an accomplished fact, through the co- 
operation of the Admiralty, the Board of Trade 
and the Post Office. 

This development is worthy of special con- 
sideration, seeing that, for the first time, a signal 
of extreme accuracy is available from the prime 
meridian for all who are able to receive it. 

There is no need to emphasize the importance 
of an accurate time service. Practically all of 
the ordinary, everyday happenings in life depend 
upon correct time. If the postman be late with 
the morning mail ;—if the newspaper boy finds 
some diversion on his round and the '' Times““ 
fails to be pushed under the door ;—if the alarm 
clock fails to operate,—what a difference these 
minor things make in the outlook for the day ! 
Our railway organization, also our telephone and 
telegraph services depend upon exact time keep- 
ing,—indeed, the list could be extended almost 
indefinitely — from personal to international 
spheres of action. 


A digression from the main subject of this 
article will be excused, in order that reference 
may be made to the different measures of time 
in use at the present day. 

Solar Time is the time registered by a correctly 
placed sun-dial. Solar time cannot be em- 
ployed practically however, because the inter- 
vals from noon to noon are not of the same 
length, occasioned bv the path taken by the 
earth in its motion round the sun. This varia- 
tion is eliminated by a process of averaging and, 
as a result, Mean Solar Time, giving days of 
equal length, is obtained. 

Sidereal Time, or star time, is the natural 
standard of time, a sidereal day being the time 
taken for one complete revolution of the earth on 
its axis. Asa result, a particular star will cross 
the meridian of any place at intervals of 23 
hours, 56 minutes, 4.1 seconds. This law applies 
because the stars are so far distant from the earth 
that the motion of the stars may be regarded as 
negligible. This is not the case with the sun, 
which is nearer the earth and results in the mean 
solar day being 3 minutes, 56 seconds longer 
than the sidereal day. 

It is obvious, as a result of the earth's rotation, 
that the time shown on mean solar clocks will 
only agree with each other, where such clocks 
are set up in the same meridian. East or west 
of that meridian, the clocks will be fast or slow, 
varying with the longitude in which the clocks 
are working. Hence, there is a further measure 
in use known as Local Time, depending upon 
the place concerned. Local time has several 
serious disadvantapes and these need not be 
stressed here. 

The inconvenience caused by this measure of 
time led to its practical abolition in favour of 
Standard Time. This has been established by 
International agreement, whereby the whole 
world has been divided into“ Time Zones,” 
with the meridian of Greenwich as the prime 
meridian or '' zero point. As a result of this 
arrangement, Greenwich Mean Time is regarded 
as the standard for the world. The general 
scheme is that the minutes and seconds of the 
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prime meridian are maintained and hours only 
are changed in successive time zones. 

There is still Summer Time to be remem- 
bered, but as this movement of the hands of the 
clock forward or backward 1s merely a trick we 
play upon ourselves — for many good and 
sufficient. reasons—there is no need to say more 
here! 

Fig. Lis a view of the South East side of the 
courtyard at Greenwich Observatory, showing 
the building containing the Transit instrument 
working on the prime meridian. The instru- 


electrically and drops at 1 p.m. G.M.T. daily. 
The Time Ball is the most important of visible 
signals and is used bv observatories to announce 
an exact moment of time to observers within 
visible range. The Time Ball at Greenwich has 
been in regular use since 1833 and the ball has 
dropped daily at the appointed hour, except on 
the very rare occasions when weather conditions 
have interfered and rendered it unsafe to lift the 
ball. 

In order to introduce the International Time 
Signal, which is of the highest grade of scientific 


ж а. 


Fig. J].— GREENWICH ORSERVATORY BUILDING CONTAINING TRANSIT INSTRUMENT. WORKING ON PRIME MERIDIAN, 


ment is housed immediately behind the doorway 
reaching to the roof. 

The large dome contains the biggest Retractor 
im the British Isles and is used for the measure- 
ment of double star working. 

А general view of the exterior of a portion of 
Greenwich Observatory is shown in Fig. 2. 
The famous Time Ball is clearly seen. It is 
mounted on the turret of the original Flamsteed 
building, erected in 16075. This Time Ball 
was set up in 1833 and was the frst to 
operate in this country. The ball is released 


registration, it has been necessary to provide 
clocks and other mechanism at the Observatory, 
also for the Postmaster-General to provide the 
connecting lines between Greenwich and Rugby: 
special switching apparatus at the General 
Post Office in London and also the use of the 
wireless transmitter at Rugby. 

А special chamber has been adapted at the 
Observatory for the accommodation of the 
apparatus. The high grade mechanism at 
Greenwich has been supplied by the Synchro- 
nome Company, under the personal direction of 
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Mr. F. Hope-Jones, a great authority on electri- 
cal clock installations. The apparatus consists 
t Free Pendulum," a Slave " clock and a 
Signal Transmitter. 


ofa 

А general view of the chamber and the 
assembled apparatus is shown in Fig. 3, whilst a 
closer view of the intricate mechanism of the 
Signal Transmitter is shown in Fig. 4. 

In cleck mechanism as generally designed, 
there is а certain lack of exactitude due to the 
energy lost Бу the pendulum in having to unlock 


| 
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лє. 2.— Time BALL at GREENWICH OlisERVATORY, 


some form of mechanism before it can receive the 
impulse required to maintain its action. These 
operations rob the pendulum of a certain amount 
of energy and consequent lack of precision for 
scientific time keeping. 

By means of an ingenious invention of Mr. 
W. II. Shortt, M.Inst.C.E., in conjunction with 
the Svnchronome Company, a t Free Pendu- 
lum ” has been devised. In this arrangement, a 
separate and subsidiary clock known as a 


Fic. 3.—Sprecian APPARATUS AT GREENWICH OBSERVATORY 
FOR INTERNATIONAL TiME SERVICE, 


Slave undertakes all the work and at the 
same time the '' Slave " is so accurately con- 
trolled by the Free Pendulum that perfect 
synchronism between the two sets of mechanism 
is maintained. ir friction has also been practi- 
cally eliminated from the Free Pendulum by 
enclosing it in an air-tight case and reducing the 
air pressure inside the case from the normal 
atmospheric pressure to a working point of 
approximately 35 milii-metres. The pendulum of 
this clock is made of Invar, ап alloy having a 
very minute co-efficient of expansion with tem- 
perature changes. 


Fic. A.— VIEW Or MECHANISM OF SPECIAL SIGNAL TRANSMITTER 
AT GREENWICH OBSERVATORY USED ON INTERNATIONAL TIME 
SERVICE. 
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Fic. 5.—SchEMATIC DIAGRAM OF THE CONNECTIONS OF FREE PENDULUM, '* SLAVE ’? CLOCK AND SIGNAL TRANSMITTER USED 
ON THE INTERNATIONAL TIME SERVICE AT GREENWICH OBSERVATORY. 
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Fic. 6.—VIEW OF MECHANISM OF SPECIAL “TIME SWITCHING 
chock IN G. P'. O. Test ROOM, USED ON [INTERNATIONA., 
Time SERVICE, 


Fig. 5 is a skeleton diagram of the connections 
of the Free Pendulum, the Slave Clock and the 
Signal Transmitter at Greenwich. The action is 
as follows :—In the Slave Clock, the pendulum, 
in swinging to the right, pulls round the count 
wheel, and at each revolution of this wheel, the 
arm X. engages with the small trigger B. The 
trigger is opened, allowing the impulse lever C 
to fall, thus giving an impulse to the pendulum 
by sliding down the inclined plane. t the end 
of the fall of the impulse lever C, the contact D 
is closed. The electrical circuit is therefore from 
D through the electro-magnet and armature E, 
via the battery, electro-magnet release of the 
Free Pendulum F, back through the dial in- 
dicator of the Slave "' clock S. 

The current in passing through E, pulls over 
the armature and re-sets the impulse lever C, 
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also releases the trigger holding the impulse 
lever G of the Free Pendulum and puts the 
fingers of the Slave dial S forward one minute. 
The cycle of operations in the Free Pendulum 
corresponds with that explained in the case of 
the Slave clock. 

The impulse on re-setting the lever of the 
Free Pendulum is as follows :—When contact is 
made at H, the current flows through the arma- 
ture and coil K, via the battery to the Syn- 
chronizer L of the Signal Transmitter, also the 
Synchronizer M of the Slave clock, completing 
the circuit through the dial mechanism of the 
Free Pendulum. 

The object of this Synchronizing arrangement 
is to keep all three clocks in exact phase. It 
should be added that the contact H closes at a 
definite time interval after the impulse is given, 
in order that the synchronizing action may occur 
at a suitable position in the swing of the Slave 
pendulum. 

The Signal Transmitter receives an impulse 
every alternate swing of the pendulum by means 
of the gathering click N; this releases the trigger 
in a manner similar to that of the Slave clock. 


Fic. 7.—SWITCHING PANEL USED FOR. INTERNATIONAL TIME 
Service IN G. P. O. Test Коом. 
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The electrical circuit, after the impulse is given, 
is via the impulse lever, contact O, armature and 
electromagnet P, wa the battery to the dial 
mechanism of the Signal Transmitter and, if the 
contact arm R is closed, through the transmitting 
Creed Relay, operating the C.T.O. line on its 
local contacts. 

The Magnetic Corrector is shown at the 
bottom of Fig. 5 and is put into operation when 
it is necessary to set the three clocks to time. 
Its action is to increase or decrease the gravity 
action on the pendulum for a short period. 


GREENWICH Main WIRE 


GREENWICH Rés:WIRE- 
CLOCK N° 24. 


24 Hours. 


Revay $10.8 


Qu 


hours and the front cam the minutes. The cuts 
or slots in the cams operate the contacts at the 
appointed times in morning and evening and 
energise the two Relays No. goa, which act 
simply as locking devices on the Greenwich and 
Rugby sides, taking the apparatus side of the 
Rugbv line from the Central Radio Office and 
putting the Greenwich Observatory line through 
direct to the Rugby Radio Station. The Time 
Signal passes through the coils of the standard 
B relay on the switching panel, bringing the 
local contacts of the relay into play and 


Ruasy, SET 


Ruasy, LINE 


Fic. 8.—SCHEMATIC DIAGRAM OF THE APPARATUS IN USE FOR INTERNATIONAL TIME SERVICE IN G. P. O. Test Room. 


The apparatus in use in the Test Room of the 
G.P.O., London, is shown in Figs. 6 and 7. 
Fig. 6 is a view of the Master Clock (No. 24) 


and Fig. 7 is a photograph of the switching 


panel. 

A schematic diagram of the connections at the 
G. P. O. is shown in Fig. 8. There are two cams 
fitted in the Master Clock; the front one revolves 
once hourly and the rear cam revolves once in 
every 24 hours. The rear cam registers the 


applying the necessary voltage to operate the 
land line apparatus of the Rugby transmitter. 
The arrangements at Rugby Radio Station are 
shown diagramatically in Fig. 9, where the 
normal arrangements for wireless transmission 
apply. The same apparatus is in use at Rugby 
as is required for commercial traffic. The Time 
Signal is sent out from Rugby on a wave-length 
of 16 kilo-cycles or 18,740 metres. 

Several interesting problems concerning the 
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extent and effects of mechanical and line lags, 
etc., have been investigated in connection with 
the new time signal. The phvsical circuit in- 
cludes an underground line from Greenwich 
Observatory to the G.P.O., a standard B relay 
in the G.P.O. test room, an underground line 
from the G.P.O. to the Rugby Radio Station 
and the operation of two relavs (1 standard В; 
and 1 Creed), also the operation of the large 
group of valves in the radio transmitting circuit. 

The total lag measured through the whole of 
this netwerk amounts to 0.04 second and the 
lag has remained practically constant. This 
stability has been an unsolicited testimonial to 
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The time signal is of the modified rhythmic 
type recommended by the International Time 
Commission of 1925. This consists of a rhyth- 
mic signal of 306 beats or dots (.) in 300 seconds 
of mean time, or at the rate of 61 beats or dots 
per minute. The commencing signal, also that 
at the end of each minute, is sent in the form of 
a dash (—) and is exactly on the minute of 
Geenwich Mean Time. 

The signal is sent twice in each day, at 09.55.00 
in the morning and at 17.55.00 in the evening. 
These times have been selected as the most suit- 
able for reception in any part of the world. 
Signals 1, 62, 123, 184, 245 and 306 are single 
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Fic. 9.—SCHEMATIC DIAGRAM OF THE ARRANGEMENTS AT RuGBy RADIO STATION. 


the behaviour of the relays, which have been 
called upon to work to a degree of exactitude 
beyond their ordinary range of action. 

The presence of this lag involves the sending 
out of the time signal from Greenwich Obser- 
vatory . 04 second in advance of exact time in 
order that the signal may be emitted at the 
right instant. An arrangement has also been 
set up at Greenwich whereby the signal emitted 
from Rugby is registered on a syphon recorder 
associated with a Wireless Receiver at the Obser- 
vatory. Normally, the incoming signal at 
Greenwich is recorded within .o1 of a second 
of the time calculated for the emission of the 
signal, 


dashes of 0.4 second duration and commence at 
the exact minute. Each dash is followed by 60 
dots of 0.1 second duration. By the use of this 
type of signal, comparisons of extreme accuracy 
are obtained, the method employed being to 
count the number of intervals from the first dash 
until coincidence occurs between one of the 
rhythmic signals and the beat of the chronometer 
or other type of clock. 

A similar type of signal is sent out daily from 
Bordeaux and the Eiffel Tewer. In each of 
these cases, and at other stations emitting a 
similar signal, a preliminary warning or prefix is 
sent, giving the station of origin, also a signa- 
ture or SN " at the end of the signal. 
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This procedure is not followed with the British 
Time Signal. The connecting lines between the 
Observatory and Rugby are switched over auto- 
matically a few moments before the signal is due 
to commence and are also retained for a few 
moments after the signal has passed. The inter- 
ruption to commercial traffic, together with the 
short periods of silence, are the only indications 


GBR,” to warn listeners to be ready, nor do we 
hear such a cheerful signature as that frequently 
given by the Annapolis station, OK NSS,”’ at 
the conclusion of the American time signal. 

In concluding this review of an interesting 
engineering operation, the writer wishes to ex- 
press his appreciation of the valuable assistance 
rendered to him by Sir Frank Dyson, the 


Astronomer Royal, and also by Mr. W. Bowyer, 
of the Greenwich Observatory Staff. 


of the approach and termination of the time 
signal. This is a departure from the usual 
method of signalling CO, CQ, DE, DE, GBR, 


TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 


TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 
THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31st DEC., 1927. 


| | 

1 bond Overhead Wire Mileage. | Underground Wire Mileage. 

owned and | _ 2 Engineering | 

maintained | | District. 
by the Telegraph. Trunk. Exchange. Spare Telegraph. Trunk. Exchange. Spare. 

Post Office. | 
565,641 538 4,113 52,344 181 London 23,698 64,367 2,140,885 104,065 
71,280 2,122 21,076 63,611 1,719 S. East 3,870 44,358 175,733 14,567 
75,373 4406 30,259 53,071 2,491 S. West 18,179 10,889 135,063 59,238 
58,926 6,037 37:039 56,020 4,985 Eastern 22,210 34:559 92,510 75,512 
92,326 8,799 44763 56,505 3,583 N. Mid. 23,138 50,426 231,628 119,973 
72,868 4,825 29,085 68,924 4,058 S. Mid. 13,117 21,670 158,566 89,307 
56,267 4,680 29,288 50,515 2,841 S. Wales 5,992 25,565 105,604 79,275 
98,195 8,225 26,163 48,331 4,361 N. Wales 13,254 40,513 250,459 62,143 
150,978 1,564 17,043 42,551 2,523 S. Lancs. 13,117 76,344 451,512 47,087 
89,157 6,113 30,894 45,765 3,100 N. East 11,067 44,283 214,488 61,435 
61,255 3,512 23,595 36,654 2,351 N. West 8,180 32,469 153,837 37,398 
45,414 2,460 15,989 24,184 2,748 Northern 4,639 14,677 98,766 51,451 
20,638 4,680 8,313 13,521 491 Ireland N. 130 2,306 36,770 1,211 
62,794 5,472 24,943 36,190 1,478 Scot. East 3,640 12,021 142,723 47,643 
84,489 7,336 23,968 42,319 1,047 Scot. West 12,101 24,493 215,548 35,034 

1,605,601 70,769 366,530 690,505 37,957 Totals. 176,404 498,940 4,604,092 876,339 

LEE Figures at EDS 

1,575,766 70,820 362,202 683,405 37,207 Qe ad , 174,550 492,207 4,460,068 900,744 
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М the previous issue of the Journal it was 
| indicated that some technical details of the 
system would be given. "The object of the 
notes that follows is in general terms to outline 
the salient features of the Direclor equipment. 
The underlying principles of Director working 
are now well known, but it may be well to em- 


phasise that the main reason for introducing the 
system into large networks such as London is to 
enable routing and numbering to be dissociated, 
thus permitting the use of a freely flexible trunk- 
ing scheme; hence the existing cabling arrange- 
ments may be used to the maximum advantage. 
It follows also that indirect routing via a Tan- 
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dem switching point is possible. The function 
of the direclor apparatus therefore is '' to con- 
vert the impulse trains of the code letters dialled 
by a subscriber into other impulse trains suit- 
able in number to direct the call to the required 
exchange, i- e., to translate the call. The 
direclor and associated equipment is thus in use 
only during the setting up of a call, the average 
occupation time being 18 secs. per call. 

Fig. 1 shews a director as installed in Holborn 
Exchange, and is tvpical of those to be used 
generally in the London system. 

lig. 2 is a rack of directors. In Holborn and 
other early exchanges the directors are fitted 
back to back as shown in the illustration, but 
this type of construction may be modified in 
the light of experience and single sided racks 
used in later exchanges to provide better accessi- 
bility to the apparatus when dealing with faults 
in situ. 

lig. 3 is a schematic diagram that indicates 
the relative position of the various selectors in 
the scheme ; the figure clearly shows the relation- 
ship between routing and numbering. The 
selectors used, with the exception of the А digit 
and first code selectors, are standard two-motion 
switches and do not call for special comment. 
The A digit selector, from the levels of which 
directors are reached, is fundamentally similar 
to the standard selector, but has a '* time pulse 
feature associated for the purpose of '' forced 
release " when the selector is seized but not 
operated; the principle of the '' time pulse ” 
arrangement will be seen from Fig. 4. As the 
operating current (time pulse earth) 1s connected 
for 1 second at 30 second intervals, the '* forced 
release relay (M in sketch) will be operated in 
approximately 20 seconds as a minimum, or 
approximately 39 seconds as a maximum. 

The disposition of directors on the levels of A 
digit selectors is shown in Fig. 5, from which it 
will be seen that level т is not connected (there 
are no letters in the digit hole of the dial con- 
taining the figure 1), the selector therefore re- 
leases if it be inadvertently operated to the first 
level. Level O is not provided with individual 
directors, but makes use of directors on other 
levels. The connection between the bank con- 
tacts of level О and the bank contacts of the 
selected levels is reversed to enable the operation 
of the scheme shown in Fig. 6. The directors 


Fic. 2.—A rack or DIRECTORS. 
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Fic. 3.—ScHEMATIC DIAGRAM SHOWING RELATIVE POSITION OF SELECTORS. 


reached from level O are provided with a special 
relay MB, which is energised only when the 
shunt field relay D is operated. This occurs 
when the direction of the current through its 
operating winding is reversed, (hence the re- 
versal of wires between level O bank contacts 
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and the bank contacts of the selected level). 
The operation of relay MB thus gives access to 
the translation field without the need for trans- 
mitting second and third code letters (B C digits). 

The first code selector, as will be seen from 
Fig. 3, is in use for every class of call, regard- 
less of its ultimate destination. It incorporates 
a transmission bridge which makes it unneces- 
sary to provide relay sets (repeaters) in the junc- 
tion circuits connected to the bank contacts. 
Full supervision is provided by the selector, 
which is also used to advise subscribers of 
irregularities and fault conditions as indicated in 
the following schedule:— 


Nature of Abnormal 


Condition. Resultant Effect. 


Subscriber dials prematurely Caller receives N. U. tone. 
(i.e. all A“ digit switches 
busy). 

Apparatus or line fault 


engaging on A digit selec- 


(а) A digit selector released 
in 29-59 secs. 


tor. 
(b) Faulty line connected to 
1st code selector, lamp 
glows. 


(a) ^ digit selector released 
in 29-59 secs. 


Subscriber removes receiver 
and delays to dial. 


(b) Sub. left on rst code 
selector. 
(c) When sub. dials N. U. 
tone given. 
Suhscriber dials a portion (a) A digit selector and 
of the code and then de- Director released in 
lays. 29-59 secs. 


(b) ist code selector transmits 
N.U. tone to subscriber. 


A Dicit SELECTOR 
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Nature of Abnormal 


Condition. Resultant Effect. 


Subscriber dials the code The translated code 
and then delays. impulses have passed out, 
code selectors have 


operated and a ist num- 
erical selector has been 


taken. 
(a) A digit selector and 
Director and all selec- 


tors except the ist code 
released and the junction 
freed in 29-59 secs. 

ISt code selector trans- 
mits N.U. tone to sub- 
scriber. 

As above including the 
release of the numerical 
selectors that have been 


(b) 


Subscriber dials code and a 
portion of the numerals. 


operated. 

Subscriber dials non-existent (a) A digit selector and 
code. Director released im- 

mediately. 

(b) 1st code selector trans- 
mits N U. tone to sub- 
scriber. 

Director seized, but impuls- (а) A digit selector and 
ing equipment fails to Director released im- 
function. mediately. 

(b) 1st code selector trans- 
mits N. U. tone to sub- 
scriber. 


(c) Director made busy.“ 

(d) Director supervisory lamp 
flashes until attention is 
given. 


As is generally known, the impulses passed 
into the switching network from directors are 
derived from machine operated cams. Fig. 2 
shows an impulse machine in position on the 
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rack and Fig. 7 is a separate view of a typical 
machine. At Holborn one such machine serves 
10 directors, 5 back and 5 front. As the 
directors serving a particular & digit selector 
level are located on one side of the rack, the rack 
impulse machine thus serves a portion only of 
the directors associated with different levels, so 
that the failure of a machine does not result in 
the breakdown of the whole of the directors 
associated with a specitic A digit selector level. 
The Holborn machines are designed for speed 
regulation by means of a centrifugally governed 


, 


2:1, and то sets with ratio '* break "' to“ make ' 
1:2. The former type of impulse is required to 
operate selectors and the latter to step the sender 
switch of the director. As the result of svn- 
chronism between the two types of impulses the 
sender steps during the period when the selector 
magnet is operated and the shaft is“ stepping.” 
The sender“ counts "" the number of impulses 
transmitted. to the selector network, the actual 
impulses, as already indicated, being derived 
from impulse cams. The method of controlling 
the series of impulses supplied is shown sche- 
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slipping clutch, so that the speed of the cam 
Shaft is maintained at боо KR. '. VI.; thus im- 
pulses are delivered at an uniform rate of 10 per 
second. 

As each director requires two sets of inter- 
rupter springs, the machine is provided with 20 
cams (spring sets), 10 sets adjusted to deliver 
impulses having ratio “ break “ to“ make" 
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Fic. 8.—МЕТНОРр OF CONTROLLING SERIES OF IMPULSES. 


matically in Figs. 8 and 9. When the sender 
switch steps initially, relay SA (Fig. 8) is 
operated via one of the sender arcs, a contact of 
SA connecting the “ Ппе cam to the outgoing 
portion of the circuit; when the sender wiper 
reaches the contact marked (via digit distri- 
butor, sender control switch, BC digit switch 
wiper, No. 1 contact of sender bank in Fig. 9) 
relay SZ operates, a contact of which short- 
circuits the cam, thus stopping the supplv of 
further impulses. Subsequent operations cause 
the sender control switch wiper to step to the 
next contact. The sender switch returns to a 
'" home "' position and again starts the cycle of 
operations. This process continues until the 
whole of the necessary impulses are passed out, 
when the director and А digit selector are re- 
leased. 

А “time pulse feature. similar to that 
described in Fig. 4 is provided to forcibly re- 
lease the director in the event of delays arising 
or faults occurring when the apparatus has been 
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Fic. 9.—METHOD OF CONTROLLING SERIES OF IMPULSES. 


DIRECTOR SYSTEM. 
Pulsing_in_and pulsing out circuit. via 1° Code Selector. 
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Fic. 10.—ELEMENTS OF CIRCUIT DURING RECEIPT AND DESPATCH OF IMPULSES. 


HOL Born. x 


to 
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No attempt has been made to explain the At the time of writing the Holborn apparatus 
operation of the Holborn circuits in detail, is settling down to its job and is working 
but rather to indicate a few of the interesting smoothly. The Holborn staff are to be con- 
circuit features. In. subsequent issues of the gratulated upon the efficient manner in which 
Journal the apparatus used and the facilities the apparatus is maintained and to them lies the 
afforded by it will be given. credit of handling the first Director Exchange in 

Fig. 10 is interesting, and shows the '' ele- what is probably the most complicated сиу tele- 
ments“ of the circuit during the simultaneous phone network in the world. 
receipt and despatch of impulses. C.W.B. 
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T midnight, 20th November, 1927, prac- and seven automatic exchanges simultaneously 
tically the whole of the telephone system brought into use along with the manual board at 
in the Hanley Multi-Exchange Area was Hanley, the main exchange, to which all calls 

successfully changed over to automatic working. requiring the attention of a telephonist are routed 
Six manual exchanges, namely, Hanley, Long- by dialling che prescribed codes (‘fo for 
ton, Newcastle - under - Lyme, Chesterton, trunk and junction calls to manual exchanges 
Trentham and Wolstanton were closed down and ‘gt for inquiries, etc.). 


The superseded manual exchanges were 
worked on the call key, ring-through system and 
were the last exchanges of this type in the 
country. The old Hanley Exchange was 
brought into use in 1901, so has many years of 
useful service to its credit. 

The exchanges in the automatic area with their 
present equipment, ultimate capacities, and 
numbering scheme are as follows :— 


E Present Ultimate Numbering 
SCDADBES реш. Capacity. Scheme. 
| | 2,000—2,899 
Hanley 2,000 2,000 z 5,000— 5,899 
| 29,000—29, 199 
| 7,000—7,999 
Burslem 1.100 2,200 | 8,000—8,799 
35,000—88,399 
| f T 
Longton SEMEN T. 
Newcastle 700 1,000 ] б 1 
| e. 
Stoke | goo 1,500 \ oe Kid 
2 , , 
Trentham 200 500 49,000—49,490 
Chesterton | 100 200 | 68,000—68, 199 
Endon | Manual 400 29,000—29,399 
Kidsgrove | Manual 500 89,000—89,499 
Silverdale Manual 500 69,000—69,499 


— ——— uj— — — — 


The Hanley new equipment has been installed 
in the existing building which housed the old 
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exchange, this building having been adapted to 
meet the requirements of the new apparatus, 
while all the other automatic exchange equip- 
ments have been accommodated in new build- 
ings provided by H.M. Office of Works. 

Fig. 1 shows the Hanley Exchange building. 
This was erected in 1900 by the National Tele- 
phone Co. and was the headquarters of the 
Potteries District staff. (This figure has been 
reproduced from an old photograph taken, as will 
be noticed, when part of the building was let.) 

One old exchange in the area, Wolstanton, has 
been closed down and two additional exchanges, 
Burslem and Stoke, introduced, the lines which 
previously worked on the former having been 
transferred to Burslem, while the latter two ex- 
changes have relieved Hanley of lines which it 
accommodated before the transfer. Also a few 
of the Longton lines have been transferred to 
Stoke. 

Endon, Kidsgrove, and Silverdale, which are 
in the Automatic Area, are remaining as manual 
for the present, the intention being to convert 
them to automatic working later. 

It will be seen from the above schedule that 
Burslem will ultimately be the largest exchange 
as regards number of subscribers’ lines, but 
Hanley has been made the main exchange by 
virtue of its geographical position and thus con- 
tains all the first selectors for the area as well as 
those for manual exchanges outside the area 
which dial in. 

The whole of the exchange equipments are of 
the Strowger step-by-step svstem adopted by the 
Post Office as standard for non-director areas, 
and were manufactured and installed by the 
General Electric Co. (Peel-Conner Telephone 
Works), Coventry. 

The preselectors are of the homing type, which 
permits the outgoing tr@inks to the rst selectors 
being graded, this grading being carried out on 
a special link frame, while the grading between 
the different ranks of selectors is done at the 
terminal assemblies associated with the selector 
racks. 

Fig. 2 is a diagram of the Area showing how 
the various exchanges are connected by junc- 
tions, the number of working junctions, the 
approximate mileage, and the direction in which 
the calls are routed being indicated. It will be 
seen that all calls between exchanges except calls 


TELEPHONE EXCHANGES. 
from Stoke to Trentham and from Newcastle to 
Chesterton are routed via Hanley. 

In Fig. 3 are shown the routings of four 
typical calls. From case (d) it will be seen that 
a Trentham local call passes through Hanley and 
Stoke Exchanges and emplovs three junctions of 
an approximate length of ro miles, five selector 
switches, and three repeaters. "This type of con- 
nection is the most complicated to be met with in 
the Hanley Area and possibly anywhere outside 
London. The necessity for well-designed and 
efficient apparatus to avoid inferior transmission 
and distortion of dialled impulses can be appre- 
ciated. 
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Switching selector repeaters are fitted at 
Burslem, Longton, Newcastle, and Stoke, those 
in the last three cases having drop back facility 
on the first digit, which enables these switches to 
function also as second selectors for local calls. 
'The operation of this switch was fully described 
in the article on Leeds Telephone Area in the 
April, 1926, issue of this Journal, and it is un- 
necessary to give particulars here. 

As the percentage of local traffic at Chesterton 
and Trentham is small, switching selector re- 
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Arrangements have been made, as is now 
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peaters have not been provided and the hrst 
selectors for these exchanges are fitted at Hanley. 

It may be mentioned that first selectors are also 
provided at Hanlev for the Coin Box and Call 
Office lines on the Satellite exchanges in the 
Area. 

Test Desks are provided at Burslem, Longton, 
Newcastle, and Stoke, while the testing at 
Chesterton and Trentham is done from the test 
desk at Hanley by means of the test distributors 
and test final selectors. 


standard practice, for the extension to Hanley of 
the fault alarms at all the Satellites at such times 
as these are unattended; also for automatic start 
of the ringing machines at the Satellites, so that 
these machines only run while actually required. 

Figs. 4, 5, and 6 are views in the apparatus 
rooms at Burslem and Stoke and show typical 
arrangements of equipment at such exchanges. 

The manual switchroom is situated on the top 
floor of the Hanley building. The equipment is 
as follows :— 


IEXCHANGE, 
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ANOTHER VIEW. 


Fic. 6.—StToke EXCHANGE. 


Manual Board consisting of 
1 Plug-ended Keysender Order Wire 
Junction position. 
3 Trunk Signalling positions. 
2 Jack ended Junction positions. 
13 “* А positions. 
6 position monitors desk. 
position supervisors desk. 
p position service observation desk. 

On the kevsender position are terminated busy 
groups of trunks from Liverpool and Manchester. 
For calls to automatic subscribers the telephonist, 
after assigning the junction, keys out the digits 
of the required number on a strip of 10 press 
keys numbered 1 to o fitted on the keyboard. 
At the finish of the call the connection is autc- 
matically cleared and all the switches released. 
For through calls the plug is used. When this 
is inserted into an outgoing junction Jack a sleeve 
relay is operated which causes the automatic 
apparatus to be cut out, leaving the junction as 
an ordinary manual circuit. 
is received on a lamp associated with the plug. 
This method of dealing with through calls differs 


The clearing signal 


from the usual arrangement whereby such calls 


are transferred to another position by the opera- 
tion of a transfer key. 

Fig. 7 shows part of the front of the manual 
The kevsender position is at the 
extreme right-hand side. The strip of ten digit 
keys is the row nearest to the telephonist. At 
the top of the right-hand panel is the equipment 
to which the alarms at the various exchanges are 


switchboard. 


extended when the Hanley apparatus room is un- 
attended. 

The service observation equipment provides 
facilities for observing service on 15 subscribers? 
lines at Hanley, 15 at Burslem, 10 at Longton 
and 10 at Stoke. One junction from each of 
these exchanges terminates on the Desk, and 
selective apparatus associates the junction in each 
case with the lines under observation. 

This desk has been fitted temporarily in the 
switehroom, but will be removed to its permanent 
position after the old exchange equipment has 
been dismantled and the premises rearranged. 

Thanks are due to Messrs. The General 
Electric Co. and Mr. J. S. Tebbitts, Sectional 
Engineer, Hanley, for photographs with which 
this article is illustrated. 
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TIME SAVING TESTERS 
FOR AUTOMATIC EXCHANGES. 


By W. Ркскетт and Н. S. SMITH. 


T Testing of Subscriber's Line Equip- 
ment (Homing Type Lineswitches). — 

The equipment individual to a subscriber’s 
line circuit in an automatic exchange, as distinct 
from the remainder of the apparatus, which is 
common, is comparatively simple and consists of 
a lineswitch jumpered to the multiple banks, 
which are in turn cabled to the protector on the 
M.D.F. Simple as the equipment is indi- 
vidually, its numerical preponderance when con- 
sidered collectively causes it to assume great 
importance when the question of testing-out a 
new exchange is under consideration. If, 
therefore, an undue proportion of the total test- 
ing time is not to be absorbed by lineswitch tests, 
it becomes necessary to deal with this equipment 
in a wholesale manner and it is to this end that 
Tester No. 58 has been developed. 


The tester is arranged to cater for the tests 
required on a complete unit of one hundred line 
equipments and to perform most of the tests 
without further attention when once started. 
Access to each line is obtained by way of a spare 
multiple bank on which a special final selector 
is mounted. This selector forms part of the 
equipment of the tester and is arranged to con- 
nect testing circuits automatically to each line 
in turn. The access so provided caters for tests 
on each lineswitch and on each line circuit to the 
M.D.F. In addition, by making use of the 
normal final selectors mounted on the multiple 
banks, the wiring of the latter can be tested on 
every contact. 


It will perhaps be of interest if details are 
given of the tests which are required for accept- 
ance tests and a list is accordingly given below : 


Line circuit to M.D.F. 
Continuity, A & B wires 2 
Reversal ... ER ns 2 
Contact  ... wee m XA 


6 per тоо ccts. боо 


Bank Multiple. 


Continuity, +, and P 
wires... pé: as 3 
Reversal ... ie sa. 
Contact, P wire ... “er Ж 
Wiper connection with 
bank contacts ... ss 3 


IO 


per 16 banks 160 per тоо ccts. 16,000 


Note : When P.B.X. units are con- 
cerned, this figure is increased by one 
third. 

Lineswülch. 


Operation, release and 

spring tension of line 

relay - su d 
Operation, release and 

spring tension of C/O 

relay ioh ee 3 
Continuity of +, — and 

P circuits И ie 33 
Hunting and homing . 24 
Wiper connection with 

outlets ... us . 72 
Continuity of outlet 

multiple e. 72 
Reversal of outlet mul- 

tiple - ak 7 

249 per 100 ccts. 24,900 
Outlels to Selectors. 

Continuity of +, — and 

P wires es ioe s 
Contact -— oe 8 
Acceptance and release of 

call T m 9 2 

8 per 24 ccts. 192 
Total ... 


41,692 
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The time taken to make the forty thousand or 
so tests with the aid of the tester is about three 
hours. 

It is now proposed to give a brief description 
of the tester and to show its method of operation. 


TESTER № 58 
FOR TESTING ON SUBSCRIBERS UNITS 


() _Wiring between MDF a Multiple 


qoe —— 


3) Tra орогон of gm 


Tester No. 58.—The tester consists of a con- 
tainer in which two preselectors are associated 
with a number of relays and lamp signals. A 
special selector is also provided to enable con- 
nection to be made automatically to each of the 
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hundred subscribers’ equipments on the unit 
under test. This selector is mounted on a spare 
multiple bank on the unit and is connected to the 
tester by means of plugs and cords. <A terminal 
box containing a buzzer is used in addition dur- 
ing the test of the line wiring to the M.D.F. 

The circuit arrangement of the tester is shown 
in the diagram. It should be mentioned that the 
release magnet of the selector only affects the 
rotary action. Vertical release is made by hand 
when required at the end of the test. 

То enable the tests to be proceeded with, the 
tester is set up оп a convenient support such as a 
portable cord repair table, adjacent to the unit 
under test on which the special selector is 
mounted, and connection is made to the ex- 
change battery supply via the power jack fitted 
on each suite of units. Connection is also made 
to the P conductors of the outlet circuits on the 
unit terminal assembly by means of a set of 
twenty-four clips and cord provided for the pur- 
pose. The keys on the tester are then operated 
according to the test desired and cause the 
required conditions to be applied automatically 
to each line in turn. The tester ceases to work 
and displays an appropriate lamp signal when a 
fault is encountered. 

The action which takes place is shown in the 
following extract from the '' Notes on the 
Tester " which form part of the instructions 
supplied to exchanges where the tester is to 
be used. 

(1) M.D.F. Test.—The M.D.F. test box, 
which contains the signalling buzzer, is con- 
nected to terminals S, 51, A and B and is located 
conveniently to the M.D.F. 

Keys 1 and 4 are then operated and Preselector 
2 in the tester is set to contacts 8 by depressing 
key 8. The special selector is set to contacts 
'* 11 Бу means of key 6. 

The operation of key 1 energises the polarising 
coil of relay TR. TR operates and actuates 
relay TA at TRI op.. 

Key 4 completes the circuit from battery, via 
100 spool, for relay PY, which together with 
relay PA operates to earth via PT1 nor. and 
key 1 op. . Relay PY disconnects the line test- 
ing circuit at PYt op.. 

Key 6 energises the vertical magnet of the 
special selector, which steps up to level 1, relay 
VV is operated in parallel with the vertical mag- 


net and when the switch is stepped off normal, 
closes the circuit of relay VG at Үүт op. . Re- 
lay VG locks to earth via VGr op. and the rotary 
interrupter springs RI. When key 6 is released, 
relay VV releases and the rotary magnet is ener- 
gised via VG2 op. and VV1 nor. . The selector 
cuts-in to contact 1 on level 1, relay VG releasing 
when its locking circuit is broken at Кт. 

When the special selector wipers make connec- 
tion with the line circuit connected to contacts 
“11” of the multiple bank, a circuit is com- 
pleted for the lineswitch cut-off (BCO) relay via 
the P wire and wiper, contact 8 of arc 2 of Pre- 
selector 2, kevs 3 and 2 nor., key 4 op., and relay 
PT to Earth at key 1 op. The BCO relay 
should now operate to provide a clear line circuit 
for the test to the MDF circuit and PT should 
operate to release relay PY. Should the P cir- 
cuit be disconnected, relay PT will not operate, 
and lamp B will glow via PAZ op., key 4 op., 
T A3 op., PZ3 nor., key 2 nor., contact 8 of arc 
5 and earth at key 1 op. 

Connection is now made by means of a plug 
attached to the M.D.F. box, via the protector 
tags to each line of the roo concerned in turn, 
but in bank order, i.e., commencing with *' 11” 
and finishing with '* оо” 

On each connection, momentary operation of 
the buzzer occurs if the line conditions are 
correct and the plug may then be moved to the 
next line. 

The buzzer is operated as follows: — The 
application of the special plug to the line circuit 
on which the special selector wipers are resting, 
connects the 200 ohm spools A and B in the 
tester. Receipt of battery and earth of correct 
polarity and strength via the A and B lines to 
the unit, + and — wires to the bank, + and — 
wipers of the special selector, contacts 8 of arcs 
3 and 4 of tester preselector 2 and PY1 nor. by 
relay TR, causes the latter to balance and re- 
lease. Relay TA then releases also and operates 
relay TB at TA4 nor. Relay TB locks to earth 
at TBI via PY2 nor. and key 4 Op., actuates the 
M.D.F. buzzer and operates relay PY at TB3 
op. Relay PY operating energises the rotary 
magnet of the special selector via key 4 op., 
PY2 op. and TBr op. Relay TB releases when 
its locking circuit is broken at PY2 op. and the 
buzzer circuit is interrupted at TBr nor. 

Failure of TR to release, provided PT has 
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operated, is due to a line fault and is indicated 
by lamp A which glows via РАЗ nor., etc. 

When the ten lines on level 1 have been tested 
O. K., the rotary action steps the special selector 
wipers off the bank and actuates the cam springs. 
The circuit of relay ZZ is now completed via S1 
op. апа VCI nor. to earth. ZZ, operating, com- 
pletes the release magnet circuit at 772 op., 
releasing the selector shaft for rotary action only. 
Relay VZ is also operated at ZZ1 op., but being 
slow to operate allows the release to be com- 
pleted before actuating the vertical magnet and 
relay VV by earth from VCI nor. at №71 op. 
The shaft is now stepped up to level 2; relay VG 
is operated via N2 op. and VV1 op. and locks to 
earth at VGr op. When VZ releases, the 
vertical magnet also releases, followed by relay 
VV. The rotary magnet circuit is now com- 
pleted at VG2 op. via VVI nor., and the wipers 
are cut-in to contacts“ 21," Relay VG releases 
when its circuit is broken by the interrupter 
springs КІ. The tests then proceed as for level 
1 until level o is reached, when relay VC operates 
via the normal post contacts NP1, VG3 op. and 
VV2 пог. to earth and locks via Nı and VCM ор. 
On the completion of the tests on level “ o," 
the wipers are stepped off the bank as before, 
but as the circuit for relay ZZ is now broken at 
VCI op. no further movement takes place. The 
special selector supervisory lamp glows, how- 
ever, to indicate the conclusion of the test. 

Keys 1 and 4 are now released. 

It should be specially noted at this stage that, 
as after each line has been tested, the correspond- 
ing lineswitch makes a half revolution on the 
removal of the test plug from the protector tags, 
the wipers are now in the correct alternative 
position in readiness for completing the '' clear 
line ° test in Test 3. Care should be taken, 
therefore, to ensure that if any lineswitch on the 
unit under test is accidentally moved off normal, 
with the consequence that another half revolu- 
tion is made when the wipers return home, it 
should be again operated to reset the wipers to 
the required position. 

Release of Special Selector. To release the 
special selector in readiness for the next set of 
tests, key 5 is first operated to actuate the rotary 
release, then the vertical dog is released by hand. 
This allows the shaft to fall back to normal. 
(Should it be necessary during the progress of 


the tests to retest any contacts, the selector may 
be reset to the beginning of the level concerned 
by the depression of keys 5 and 9 in turn). 

(2) Multiple Bank Test.—Keys 1 and 2 are 
operated and test plug 3 is inserted in the test 
jack of the first final selector on the unit. Clip 
“ RM " is also connected to the rotary magnet 
of this selector, the“ G "' relay of which should 
be wedged to prevent operation. 

Note.—This selector is referred to as the 
" Selector under test." It should be 
understood, however, that the test is being 
made on the bank and that the selector is 
only being utilised for this purpose. 
Separate instructions are issued for the 
final selector tests. 

Кеу 8 should be depressed in order to ensure 
that tester preselector 2 is on contacts 8, and key 
б to set the special selector to contacts '' rr."' 

A circuit is now completed from battery, 100 
and 1200 ohm spools, relay PY to Earth at Кеу 
2 op. 

Relay PY operates to disconnect relay TR at 
РҮт op. 

The digits i1 ° should now be dialled to 
step the tinal selector under test to a position on 
the first bank corresponding to that occupied by 
the wipers of the special switch. 

The selector under test now operates in a 
normal manner and applies Earth to the “Р” 
wire via the 125 ohm winding of relay Н. Re- 
lay H is operated by the battery from the line- 
switch cut-off (BCO) relay, and, locking, applies 
a full Earth to the P wire. This earth short- 
circuits tester relay PY, and the latter releasing 
completes the loop circuit for the — and + lines 
via relay TR. Тһе operation of relay Н applied 
ringing current to this loop circuit, and the com- 
pletion of the circuit via relay TR causes the 
selector relay F to trip and connect relay D to the 
line circuit. 

If the current now received from the latter be 
of correct polarity and strength, relay TR re- 
leases and disconnects TA at TRI nor. 

Relay TA, releasing, completes circuits : — 

(1) From earth, ТАд nor. and key 2 op. for 
Relay TB, which operates and locks to 
earth via PY2 nor. and TBr op. 

(2) From earth, TAI nor., key 2 op., to the 
rotary magnet of the special selector. 
The latter rotates to contacts 2 on the 


TIME SAVING 


TESTERS. 31 


bank and so removes the s/c from 
PY, which re-operates. 

(3) From earth, TBI op. PY2 op., PB2 
nor., to the rotary magnet of the 
selector under test which also rotates to 
the next contacts. 

Failure on the line or private circuits is de- 
noted by a continuous glow on lamp А or B, 
via contacts PY3 nor. апа TB2 nor., or РУз op. 
respectively. 

If the wiring between the contacts now con- 
nected be O.K., relays PY, TR and ТА, which 
operated in the interval during which the wipers 
were rotating, again release. In this way both 
switches continue to rotate until contact o has 
been tested, when the wipers of the special 
selector will be stepped off the bank. 

Relay ZZ now operates as before and causes : 

(1) the special switch to rotate back, step up 
and cut-in to contacts 21 ° and 

(2) relay ZR to operate to release the switch 
under test at ZR 1 ор. 

The sequence of operations is repeated on 
levels 2 to o, by dialling in turn digits “ 21 "' 
31 " and so on to “ or.” 

When the whole of the тоо sets of contacts has 
been tested O.K., the special selector does not 
release but remains on level o," with its wipers 
off the bank and supervisory lamp glowing, in- 
dicating the conclusion of the test on the first 
bank. 

The special selector should now be released as 
before, the connections transferred in turn to each 
of the final selectors on the unit and the test 
repeated on each of the banks so equipped. 

The spare banks may be covered by mounting 
a spare switch thereon for the duration of the 
test. 

P. B. X. Units.—When the banks to be tested 
are of the P.B.X. type, key 3 should also be 
thrown in addition to keys 1 and 2, and clip CP1 
should be attached to the Pi wiper tag on the 
wiper cord connection block of the selector under 
test. The effect of key 3 is to make the operation 
of the P wire testing circuit dependent on contact 
PBI, controlled by relay PB, which is operated 
by current received from battery via 150 spool, 
clip CPI and the PI bank wire. 

Failure on the P1 circuit is indicated by lamp 
C, which glows via PB3 nor. 

(3) Line Switch Test.—The 24 clips provided 


for making connection to the outlet P wires 
should be connected in order to the wiring on the 
tags of the line switch bank multiple terminal 
strip. 

The tester preselectors should now be set to 
contacts No. 1 by operating key 7 and the special 
selector to contacts 11 "' bv operating key 6. 

Key 1 should also be depressed to operate re- 
lay TR. Relay TR operates in turn relay ТА 
at IRI op. 

A circuit is now completed from earth, key 1 
op., relay PT, contact 1 and wiper 2 of pre- 
selector 2, P wiper of special selector, bank 
wiring, jumper, BCO relay K and DM of line 
switch under test to battery. 

The BCO should operate in series with relay 
PT and the “ operate "" resistance“ X " and 
disconnect the line switch line relay and earth 
from the — and + lines. Relay PT releases PA 
at PT: op., completing a circuit to earth for 
DM2 via wiper 1, contact 1, РАт nor., key t Op., 
key 7 nor., key 9 nor., wiper 2 of preselector 1 
and key ; nor. to E. 

Preselector 2 steps to contacts 2 and relay PT, 

releasing, re-operates PA. Relays BT and AT 
are now brought into circuit, but will only 
operate if the line relay or earth have not been 
disconnected by the BCO. If either BT or AT 
operate, the circuit for DM2 is interrupted at 
BT: op. or AT: op., lamp D and/or E glows 
via AT2 op. or BT2 op., and no further rotation 
takes place, but if the + and - lines are now 
clear, preselector 2 rotates to contacts 6 and the 
BCO is released. 
Relay P'T is now connected via the additional 
non-operate "' resistance Y to the BCO, 
which should not operate at this figure. Relay 
PT, however, operates, releasing relay PA to 
complete the circuit of DM2 тта contact 6 of arc 
1, key 7 nor., P Xr nor., key 1 op., key 7 nor. 
and key g nor. to earth via wiper 2 and key 7 nor. 
Preselector 2 steps to contacts 7, via which relays 
BT and AX are connected to the — and + lines 
in order to test for correct calling conditions. If 
these relays operate satisfactorily, earth is 
applied to DM2 via РА? nor., BTZ op., АХ: 
Op., contact 7 of arc 5, wiper 5 and key 1 op. and 
preselector 2 rotates to contacts 8. If, however, 
one or both do not operate, lamp G or H glows 
via A X1 nor. or XXI op. and BT3 nor. respec- 
tively, to indicate a line switch fault. 


“ 


32 TIME SAVING 


A 1200 ohm loop is now applied to the + and 
— lines via relay TR and РҮт nor., to operate 
the line switch. — The'line switch should now 
rotate to its first outlet and should switch through 
to the selector connected thereon. The selector, 
operating in turn, should earth the P wire to 
which connection is made by No. т clip on the 
terminal strip. 

If a current of correct polarity and strength be 
received from the selector А relay by relay ТК, 
the latter releases and breaks the circuit of TA 
at TR: nor. Lamp A glows to indicate a failure 
in these conditions. 

A circuit is now completed from Battery, via 
300 ohms (two 600 spools), key 1 op., relay AX, 
TA2 nor, Р/т nor. key 4 nor, key 2 nor., 
key 3 nor., contact 8 of arc 2 and wiper 2 to the 
multiple P wire. 

If the latter has been correctly “* busied ”' by 
the selector, relay AX, which operates only to an 
earth of low resistance, completes the circuit of 
relay PZ from battery, AX2 op., wiper 3 and 
contact 1 of arc 3 of preselector 1, clip 1 and P 
wire to the first choice selector earth. 

Lamp J indicates a failure of this condition or 
an earth of too high a resistance. 

Relay PZ now operates апа : — 


(1) Locks via its own contact PZ2 op. to 
the *' busy "' earth. 

(2) Completes the circuits of ОМІ and relay 
PY at PZꝗ op. 

(3) Disconnects lamp K at PZ3 op. 

(4) Disconnects relay AX at PZr op. 

Relay PY, operating, breaks the calling loop 
via relay TR at PY1 op. 

The selector on outlet 1 should now release 
and remove the earth from the private, causing 
relay PZ to release and the line switch to rotate 
“© home." 

DM1 being disconnected at PZ4 nor., now de- 
energises and steps preselector 1 to contacts 2. 

An earth fault on the private circuit is in- 
dicated by relay PZ failing to release and by 
lamp L glowing. If this earth be of low resist- 
ance the line switch will also skip the outlet con- 
cerned. "This fault may be caused by a faulty 
selector В relay. 

Lamp K indicates that the line switch has not 
made connection to the correct outlet or that the 
clip has become detached. 

The P wire of the first outlet is now “ busied "' 
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against further use by an earth of 30 ohms re- 
sistance applied from wiper 8 of preselector 1 to 
contact 2 of arc 8 and so to clip 1. 

Relay PY also releasing, re-connects the loop 
via relay TR to the + and — lines at PY1 nor. 

The line switch again operates and as outlet 
I 1s now engaged should rotate its wipers to the 
second choice, the P wire of which should be 
duly made busy ”? when the selector is seized. 

Relays PZ and PY are again operated as 
before, causing the earth on the P wire of the 
first outlet to be maintained via contact 3 of arc 
8. Earth is applied to the P wire of the second 
outlet via contact 3 of arc 7. 

The sequence of tests continues until each of 
the 24 outlets has been tested, the application of 
the busy earth to each of the first three sets of six 
being taken over in turn by the locking relays 
GX, GY and GZ, which are actuated by pre- 
selector wiper 2 in passing contacts 7, 13 and 19 
on the completion of the tests on outlets 6, 12 
and 18 respectively. 

When the 24th outlet has been tested O.K., 
preselector 1 steps to contacts 25 and circuits are 
completed for :— 

(1) Reliay BR via wiper 2. BR operates 
and releases relays GX, GY and GZ 
at BRI op. All outlets are now dis- 
engaged. 

(2) The rotary magnet of the special selector 
via key 7 nor. and BR4 op. The 
selector steps forward and connects the 
test circuit via its wipers to the next 
subscriber's line in the multiple. 

(3) Relay PZ via BR2 op. PZ energises 
ЮМі via PZ4 op. and key 7 nor. 

(4) DM2 via interrupter springs, wiper 1, 
contact 8 and BR3 op. Preselector 2 
rotates to contact 9, where the multiple 
of contacts 1 to 8 recommences and 
short circuits relay BR at contact 1 of 
arc 6. Relays BR and PZ now release 
and preselector т rotates to contacts т 
in readiness for recommencing the 
series of tests. 

The sequence of operations is repeated for each 
of the jumpered lines in the roo. 

In the case of unjumpered lines (usually 46-49 
and 95-99) to which no line switch is connected, 
it is necessary to rotate the special switch to the 
next jumpered circuit. This is effected by 
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operating key g the appropriate number of times 
(generally 5), allowing an interval between each 
operation to enable the tester to perform a partial 
test. 

When the whole of the 100 lines on the unit 
have been tested, the special selector will come 
to rest with its wipers off the bank and the super- 
visory lamp glowing. 


FAULT INDICATING LAMPS. 


Fault indicated. 


Lamp. | Test. | 


А 1,2& 3 | Line circuit out of balance, i. e., Re- 


i versed, dis., contact, etc. 


| In Test 1 may be due to cut-off relay 
| failing to operate. 


| 1&2 | Private circuit dis. or earthing. 

© | 2 Pr circuit dis. or earthing. 

D | 3 ; Lineswitch + line not cleared by 
| | operation of cut-off relay. 

E | 3 | Lineswitch — line not cleared by 
| operation of cut-off relay. 

F 3 Lineswitch line circuit reversed. 
| 3 Lineswitch + line dis. or cut-off relay 


sticking or contact faulty. 


| Балто FFF 


FAULT INDICATING LAM PS (continued). 


Fault indicated. 


Lamp. Test. 

H 3 Lineswitch — line dis. or cut-off relay 
sticking or line circuit reversed. 

J 3 | Multiple P circuit busy earth is high 

| resistance or dis. 

K o 3 Outlet P circuit dis. or lineswitch has 
overstepped. 

L ; 3 Outlet P circuit earthing. 


mE — —ũ—— ———ꝛ 


RESISTANCE TABLE. 


Scheme. 
Exchange. 46 V Test. s wie — 
с. E H |5 | W 
E E | | 
Operate. 200 гоо | | 100 
Director. 77 — ——, 
‚ Non- бео | боо} | 1400 
operate. | Í | 
Орегаге. 0 o 0 
Non- НЕ ЕЕ EM 
Director. Моп | | " 
> 5 5 ОО 
орегаге. 450 ; ke | | 


NOTES ON THE EFFECTS OF HUMIDITY ОМ С.В. TRANSMITTERS. 


G. E. Morrison. 
Bengal Telephone Corporation, Ltd., Calcutta. 


HE peculiar behaviour of carbon granular 

transmitiers used in C.B. systems in 

tropical countries, where warm humid 
conditions exist, has long been one of the 
special problems before the telephone engi- 
neer in these countries. In the East, and 
in the far East, some telephone administra- 
tions have followed continental practice in 
favouring a telephone of the hand combina- 
tion type, which has certain advantages, and now 
appears to be returning to favour in other coun- 
tries. The transmitters used with these sets are 
usually of the inset type, carbon diaphragm, but 
a solid back type of inset has also been used. 
The difficulties met with arise from the fact that 
transmitters of different types which appear to be 
quite satisfactory under European conditions are 
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in many cases unable to stand up to the extremes 
of heat and humidity met with in the tropics 
without change. 

In all cases the failure is due to the fact that in 
those tropical countries which enjoy a rainy 
season, the humidity reaches an extraordinarily 
high figure, and during those seasons, unsuit- 
able transmitters show a large increase in resist- 
ance (often 100%) and an inabiliy to carry 
their normal working current, which may deve- 
lop into '' frying," rendering the transmitter 
useless. It is well established that the effect is 
due to humidity, for, in the particular case under 
the writer's notice, the year is divided into two 
well defined seasons : a dry season with very low 
humidity (minimum indoors about 30—40%) 
from November to May, followed by a rainy 


C 
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season, during the remaining months, when the 
humidity reaches 8o to 90%. The manner in 
which the humidity varies is shown in the graphs 
which are from records taken by the Meteorolo- 
gical Dept., Government of India. The figures 
differ from the ordinary published records, which 
are taken in the open air. The latter show much 
larger differences. The figures of the graphs 
represent the humidity in an average ventilated 
building, being the conditions under which a 
telephone usually operates. The reason for this 
is, of course, that the heat absorption of a build- 
ing tends to flatten out humidity variations, bv 
the lag in temperature variation as compared 
with the open air, in which the diurnal 
temperature variations may be very large. 
Fach point on the graph is the average of seven 
days reading, eliminating daily variations, 
which are also considerable. It was found bv 
experience that the 10 a.m. reading is the 
average daily humidity in an ordinary building. 

The first fact which emerged was that the type 
of inset standard in Europe behaved normally 
during the months of low or moderate humidity, 
but became abnormal as soon as the humiditv 
became excessive, returning to normal with the 
return of drier conditions. This variation was 
undoubtedly present formerly in the L.B. 
transmitters used on the old 
system, but did not lead to 
cause the L.B. transmitters were used in 
a circuit where an increase of transmit- 
ter resistance would at once produce a de- 
crease of transmitter current, since the trans- 
mitter resistance was the only important resis- 
tance in circuit; whereas under C.B. conditions 
a relatively large increase in transmitter resist- 
ance has but little effect in decreasing the current 
which the transmitter is сайа upon to carry. 
What follows applies to C.B. svstems. 


magneto 
trouble be- 


When it has become clear that the presence of 
damp in the transmitter was the origin of the 
trouble, a number of attempts were made to 
produce a sealed damp proof inset. Although 
these insets were proved to be damp proof in the 
sense that they could be put under water without 
ill effect, they showed no improvement over the 
original insets, which were not waterproof, when 
put into use during the season of high humidity. 
This made it obvious that the transmitters were 
not being affected by moisture in liquid form 


condensed from the air outside the inset, but by 
water vapour in its true gaseous state penetrating 
to the granules and thereafter condensing to 
liquid form. As points are favourable to con- 
densation, the carbon granules lend themselves 
admirablv for the purpose and the result is a re- 
duction in their current carrying capacity. 

On consideration, it is clear that an inset sealed 
under conditions of normal humidity in the fac- 
torv, and afterwards used under conditions of 
much higher temperature and humidity, is then 
subject to internal pressure, and unless it is truly 
gas-tight and not merely water- proof, the damp 
air will eventuallv mix with that inside and 
thereafter condense, since a small drop in 
temperature will cause considerable condensation 
when the humiditv is approaching saturation 
for that particular temperature. So far, attempts 
to produce a gas- tight inset have not succeeded, 
but manufacturers interested have the problem 
in hand. 

In order to obtain further information two 
batches of 13 different types of transmitters were 
put under dailv observation and test over a 
period of about 18 months. Each transmitter 
was tested daily in a suitable telephone on the 
cord circuit for which it was designed. Tests 
were made for transmission against a standard 
W. E. type set, on the standard cord circuit 
with 300 ohm local line, followed by a measure- 
ment of transmitter resistance. At the same 
time, some hundreds of resistance tests were 
made on transmitters after actual use. 

Since there seemed to be no means of exclud- 
ing the damp air, an attempt was made to arrive 
at a solution from a fresh angle, suggested by 
the observation that whereas some transmitters, 
notably those of a low resistance relative to the 
cord circuit current supply resistance used, never 
became very much higher in resistance, and 
afterwards in drier weather returned to normal 
resistance ; others (and here notably those of high 
normal resistance) showed 100% increase in 
resistance, became noisy, and remained perman- 
ently high resistance, even after the damp con- 
ditions had disappeared. These were, in fact, 
burnt out. As examples, one type of inset sup- 
plied to operate on a Stone circuit, 24 volt, with 
relav-retard feed 400% + 400» ohms, maximum 
transmitter current about 20 m.a., had a nominal 
resistance of доо ohms which became, in the 
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humid season, 600 to 800 ohms in many cases, 
with frying and permanent injury to the trans- 
mitter. Similarly, a solid back transmitter of 
standard size, adapted for use on an H. M. T. set, 
operating on a standard W. E, type cord circuit, 
had a nominal resistance of 150 ohms, which in- 
creased to 300 to 400 ohms in many cases, again 
with frying and pitting of the polished elec- 
trodes. Here an improvement was obtained by 
using a smaller size of carbon granule, and 
making up the cells to a lower resistance. 
Different transmitters were affected in the same 
manner, with differences in degree; transmitters 
on short lines were most affected, and the trouble 
could be reduced by reducing the current supply 
to the transmitter. 

Bearing this in mind, we may regard a trans- 
mitter, for present purposes, merely as a fixed 
resistance required to carry a certain current, 
depending on the cord circuit with which it is 
to be used, and consider what variations may be 
expected with change in humidity and change in 
design of the transmitter. We may regard a 
transmitter as consisting of a resistance made up 
of r rows of granules, in each row n granules. 
In any one row there will ben + 1 contacts, in- 
cluding those between the end granules and the 
front and back electrodes. Call the average con- 
tact resistance between granules (or granule and 
electrode) x, and the average internal resistance 
of a granule y; then the resistance of any one 
row is f 


Toy se rr E Fed RAT (1) 
and the resitance of the whole transmitter is 


ny + (п + 1)х 


T 


But if the transmitter is not“ packed "' and is 
ordinarily efficient then (n + 1)x must be large 
compared with пу since it is on the variation of 
(n + 1)x that the transmitter operates. We may 
say then that the transmitter resistance is 
approximately 


Suppose now that the condensation at points 
on the granules is the cause of increase of con- 
tact resistance from x to x + dx. Then the 
transmitter resistance becomes 


f m (4) 


T 


and the increase of resistance due to damp is 


(n + 1)x 
T 


which is proportional to the drv resistance 
(n + 1)dx 


7 


It follows from this, if there are no secondary 
effects, that the transmitter may be expected to 
increase in resistance by an amount which will 
be proportional to its initial resistance, and there- 
fore a high initial resistance is to be avoided, 
This agrees very well with observed results. 
There are, however, secondary effects. The 
above is the ideal case where all rows are affected 
equally. Actually it will happen that in some 
rows the increase in contact resistance will be 
much more than in others. In such a case the 
high resistance rows cease to be effective 
as current carriers, and as the current to 
be carried remains practically the same, the 
effective rows are called upon to carry an excess 
load which leads to burning in the effective rows, 
and these in turn become defective, and react on 
others. It appears then that there is a cycle of 
effects which becomes cumulative under bad con- 
ditions. Thus if a transmitter is badly designed, 
so that the current which it must normally carry 
is near its maximum current carrying capacity 
(without frying) and is operated later under 
warm humid conditions, we have the following 
effects : (1) the transmitter resistance is increased 
due to damp; (2) the current carrying capacity 
is reduced ; the current flowing remaining nearly 
the same; (3) frying begins, reducing the num- 
ber of current paths; (4) transmitter resistance is 
further increased; (5) the effect of (4) is now 
added to (1) and the cycle repeats until the trans- 
mitter becomes useless. There will be no build- 
ing up to the point of frying if the cycle is broken 
at its third stage, and this will be the case if the 
transmitter under damp conditions and in spite 
of its damp-increased resistance can still carry 
the maximum current for which it is designed 
without burning. 

In order to do this the transmitter must carry 
in a dry atmosphere a current at least 5e% more 
than the maximum of the circuit on which it is 
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to operate. In the case of hand combination 
sets the margin should be 100% to allow for the 
fact that they тау be used in non-vertical 
positions. From the expression given for the 
total resistance there are several obvious ways in 
which the current carrving capacity of the trans- 
mitter could be increased. If the cross section 
of the cell is increased then 7 is, and also the 
current carrying capacity, but this can not be 
pushed too far. К may also be reduced by re- 
ducing u, i.e., by reducing the distance between 
electrodes ; but this does not improve the current 
carrying capacity of a row, which depends only 
on x + dx. The conditions are improved if the 
size of the granules is reduced. The effect of 
this on R should be nil, while 7, the number of 
paths, is increased directly with benefit. The 
resistance of a single row is also increased 
directly, but this does not affect its current carry- 
ing capacity, which depends only on x + dx. 
The reduction in size of the granules cannot, of 
course, be carried too far since very small 
granules tend to pack. 

This conclusion agrees very well with ob- 
served results in that the best results obtained 
so far have been with a type of inset using small 
granules, and the worst with another type using 
coarse granules. These results are brought out 
in the curves taken from the daily observations 
over eighteen months mentioned above. Curve 
No. т shows the results obtained on an inset 
which has proved satisfactory. It has a normal 
resistance of 100 ohms and is used on a C.B. 
system where the cord circuit is Stone type with 
relay-retard impedance доо + 400 ohms and 
voltage 24 volts. The weekly average transmis- 
sion value on 300 ohm loop and the weekly aver- 
age transmitter resistance are shown against the 
weekly average relative humidity. The number 
of these sets under test was four and the number 
of observers two. Each point on the transmis- 
sion curve represents the average of twenty-four 
measurements by two observers and may be 
taken as free from all accidental variations. 
Similarly, the transmitter resistance curve is the 
average of daily readings and is representative. 
The remarkable agreement between the variation 
in humidity and the variation in transmitter 
efficiency will be noticed. There is also a close 
agreement between the variation in transmitter 
resistance and humidity variation, with maxi- 


mum resistance during the period of maximum 
humidity. It will be noticed that these insets 
rarely vary more than 25% above and below 
normal resistance, and that with the disappear- 
ance of abnormal humiditv returned to normal 
or lower. This transmitter has been used to 
replace former types and continues to give satis- 
faction, as would be expected. 

The second set of curves refer to a type of inset 
under trial which was not satisfactory, and repre- 
sents the effects in a poorly designed transmitter, 
possibly satisfactory in Europe, under tropical 
conditions. These insets were designed to work 
on the standard W.E. type cord circuit, 22 volts, 
and the figures on which the curves are based 
were obtained as in the first case. These curves 
show that this transmitter was unstable under 
damp conditions, as may be seen from the abrupt 
variations in transmission value. These insets 
became noisy during the damp season and there- 
after their transmission values are nominal. 
The transmitter resistance steadily increased dur- 
ing this period from normal (35 ohms in this 
case) until, during the weeks of maximum 
humidity, the resistance had become 100% more 
than normal. At this point the two principal 
causes of increased resistance began to react on 
one another and the resistance rapidly increased 
to an abnormal figure, at which the inset became 
defective and was no longer able to recover its 
normal value, even when the humidity again be- 
came low. 

The results obtained from the remaining types 
of transmitters tested show effects which lie be- 
tween the two extremes given, and confirm the 
general conclusion that special care is required 
in selecting a transmitter for tropical use, and 
that allowance must be made in the design of the 
cell, and in the type of granule used, to minimise 
the changes in resistance which are apparently 
inevitable. 

It is interesting to note that the standard solid 
back pedestal sets used as references, themselves 
showed variation in resistance with change of 
humidity. The standard set (from necessity, on 
account of the high value of the current which it 
must carry on zero loop) is well able to carry the 
working current on ordinary subscribers’ loops 
of say 100 ohms to 300 ohms on which the 
current is much less than maximum ; and for this 
reason administrations in the East using this 
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type of telephone have not experienced any 
general trouble. The standard solid back trans- 
mitter is, in fact, a good example of a type de- 
signed to carry its working current without burn- 
ing even under severe conditions. 

Nevertheless, one of the working standard 
telephones used as references developed frying 
between September 2 and 4, 1925; that is, during 
the period of maximum humidity. А permanent 
cure was effected by violently shaking the trans- 
mitter. Similar trouble is not uncommon with 
this type of set under these conditions on very 
short lines, e.g., service lines within the ex- 
change building where the transmitter current is 
nearly maximum. In spite of the apparent 
superiority of the solid back transmitter, it is 
quite unsuitable in its standard form on ex- 
change systems such as that mentioned above, 
where the maximum current supply on zero loop 
is not more than 30 mA, on account of the high 
resistance of the current supply circuit, and it is 
for this reason that the high resistance inset is 
preferred, as well as for its superior articulation. 
In countries where the parties to a call are com- 
monly conversing in a language or dialect which 
is foreign to one, or even both, the provision of 
a good grade articulation is of the greatest im- 
portance, and it is the writer's experience this 
gives the greatest general satisfaction even if the 
improvement is made at some expense in 
volume. A reference to this point, which has 
received little attention in countries of one langu- 
age, will be found in part 3, Vol. 20, of the 
I. P. O. E. E. Journal, pages 208 and 213, as 
applied to long distance lines, but the remarks of 
Dr. Luschen apply with equal force to apparatus 
used on local calls in countries where the listener 
has not the association of familiar words and 
phrase to help in reception, and where the user 
is frequently without any developed telephone 
sense. 

The fact that the standard of reference in the 
above tests was itself variable makes the trans- 
mission results purely relative, and the effect on 
the curves is to mask, in some unknown degree, 
the variations in efficiency with humidity, since 
there is no reason to suppose that the standards 
were exceptions to the general rule. Since com- 
pleting the curves it has been found by com- 
parison with calibrated working standard trans- 


mitters received from London that the trans- 
mitters used in these tests as standards were 
3 m.s.c. worse than the accepted standard. 
This correction should be applied to the trans- 
mission equivalents, although the curves cor- 
rectly illustrate the variations which it is in- 
tended to show. 

'The atmospheric conditions necessary to pro- 
duce these effects on transmitters depend largely 
on temperature and its variations. "Thus, eur- 
ing the dry season in Bengal the relative 
humidity in the open air commonly reaches go% 
between sunset ane sunrise, the cause being the 
large drop in temperature. Transmitters re- 
main unaffected since there is no corresponding 
drop in temperature indoors on account of the 
heat stored in the buildings euring the day. 
Similarly, relative humidity reaching go% is not 
unknown in temperate climates during wet 
periods of low temperatures (winter months), 
but the effects here noted are not present because 
of the great difference between the humidity in 
the open air and in buildings, which results from 
the use of artificial heating and less ventilation. 
During the wet season in the tropics the tempera- 
ture is not only high but remarkably constant, 
with little difference between night and day 
temperatures. During these months the tem- 
perature inside buildings is on the whole less 
than in the open air, and hence the humidity 
indoors tends to be higher. As the air is 
allowed to circulate with the utmost freedom, 
transmitters (and all telephone equipment for 
that matter) may be said to be fully exposed to 
outside atmospheric conditions; and it is under 
these conditions, maintained over a period of 
time, that transmitters may become defective. 
The time element is most important, and should 
be carefully considered in any test reproducing 
tropical conditions artificially. 

In order to indicate more graphically to the 
home reader the effects of high temperature and 
humidity it may be added that a relative 
humidity of 85% with a temperature of 80 to go 
degrees F. produces fungus in one's clothes and 
shoes in 24 hours, expanes key spring assemblies 
sufficiently to break the clamping screws if the 
insulating material is at all hygroscopic, and 
makes the maintenance of insulation of exchange 
equipment a matter of the greatest difficulty. 
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[We propose in this volume to devote 
some space to the external constructional 
side of the Department's activities and to 
begin with we have pleasure in publishing ex- 
tracts from a pamphlet bearing the above title, 
issued by the long-established frm Messrs. С. 
and T. Earle (1925), Ltd., Hull, and compiled 
by their Chief Chemist, Mr. J. E. Worsdale, 
X. R. C. S., B. Sc., A. I. C., A. M. I. Struct. E. The 
contents of the pamphlet are followed bv a 
laboratory report upon the chemical processes 
that operate during the setting of cement. It is 
not claimed that the report is complete and con- 
clusive; the mechanism of the setting and 
hardening of cement is a matter about which a 
considerable divergence of opinion exists, even 
among experts. It will serve, however, to give 
our readers, who have not the time to make an 
intensive study of the subject, some indication of 
what is thought to be happening during the 
critical period just after the concrete has been 
mixed and laid. —Ebs., P. O. E. E. Journal.) 


Making of Concrete. Concrete is made up of 
three constituents, aggregate, cement and water, 
ef which the aggregate can be divided again into 
coarse and fine. These separate constituents are 
all essential to concrete, and the good quality and 
proper use of each reflects itself in the quality of 
the finished concrete, whilst on the other hand 
the unsuitability or misuse of any one of them 
can result in poor concrete. 

Each of the materials will be dealt with separ- 
ately in an attempt to show how a study of these 


can be made to improve the quality of concrete 
and also to lessen the cost. 


Coarse Aggregate.—Coarse aggregate usually 
consists of gravel, broken brick or broken stone. 
It should be hard and have no tendency to split, 
like, for example, shale. 

The strength of concrete is largely dependent 
upon the strength of its aggregate, and if the 
aggregate is weak it limits the strength of the 
concrete made from it. The size of the aggregate 
is of great importance in relation to the use of the 
conerete, since very large aggregate cannot be 
used with complicated reinforcement, or to pro- 
duce thin concrete sections. The aggregate 
should particularly, not be of a uniform size, but 
should be well graded in the size of the particles, 
which should varv evenlv from the largest to the 
smallest. This grading has a very great in- 
fluence upon the strength and watertightness of 
the concrete and also upon its cost. At this point 
it will be of interest to show to what a large extent 
the grading of an aggregate can influence the 
cost per cubic yard of concrete. It is, of course, 
well-known that to produce one cubic vard of 
concrete, considerablv more than a cubic yard of 
dry materials are required, but it is probablv not 
generally known what a great influence the 
grading of the aggregate has upon these quanti- 
ties. If the aggregate is composed of evenly 
sized particles, a given volume will shrink on 
being made into concrete very much more than 
if the aggregate had been graded. The follow- 
ing practical test will illustrate this point : 
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Aggregate А consists of 3 in. chips of even 
size. 
Aggregate B consists of $ in. chips down. 


In making concrete the proportions 4:2:1 by 
volume were employed and the same sand was 
used in each case. 


QUANTITIES IN CUBIC YARDS TO MAKE I CUBIC 
YARB OF CONCRETE. 


Aggregate. Sand. Cement. Total. 
Aggregate А... .96 .48 .24 1.67 
Cost 13/33 6/74 16/91 36/83 
Aggregate B... 882 42 21 1.45 
Cost . 12/7 5/11 14/89 33/23 


Below the figures for quantities, are put the 

prices of these quantities at the following rates : 
Aggregate and Sand, 14/61 per ton. 
Cement, 72/7 per ton. 

It is seen that when aggregate A (ungraded) is 
used, 1.67 cubic yards of dry material are re- 
quired to produce т cubic yard of finished con- 
crete, but when aggregate B (graded) is used, 
only 1.45 cubic yards are required and a saving 
in price of materials alone, of 3/54. per cubic 
yard of concrete is shown. 

The foregoing results of actual tests are ex- 
tracted from a paper by Mr. B. Price Davies, 
published in the Structural Engineer, and give 
a practical demonstration of how a thorough 
understanding of concrete materials can save 
money. 

Fine Aggregate.—This usually consists of 
sand or crushed stone screenings, the particles 
of which should be graded in size as in the case 
of coarse aggregate. It is preferable for the dust 
to be present only in minute quantities, and for 
the main bulk of the material to be coarser than 
will pass a 50 mesh sieve. The presence of fine 
dust has a very considerable weakening influence 
upon concrete and the good effects of the re- 
moval of this material from fine aggregate may 
very considerably repay the cost of washing, and 
when comparing two materials for suitability, the 
amount of fine dust or dirt should never be 
neglected. Sand often contains organic matter, 
which has a very harmful action upon the cement, 
and a way of testing for this is to shake up some 
of the sànd with a dilute solution of Caustic 
Soda, and noting the colour produced. 

If sand is shaken with an equal volume of 396 


solution, and the colour of the liquid, after 24 
hours standing, is no darker than amber, the 
sand may be considered satisfactorilv free from 
organic matter. 

Aggregate im General.—There are certain sub- 
stances used as concrete aggregate which are 
quite unsuitable by reason of their chemical com- 
position, of which a noteworthy instance is that 
of some qualities of Blast Furnace Slag. This 
material often contains sulphur compounds, and 
these have a very harmful, disintegrating action 
upon cement. The bad effects of sulphur com- 
pounds, however, are not immediate, and some 
months or ever years may pass before the dis- 
integration becomes apparent. 

If the slag is comparatively free from sulphur, 
it can produce excellent concrete, but the absence 
of sulphur cannot be guaranteed, and before any 
batch is used, a chemical test should be applied. 

Certain types of Spar and Chert also need 
careful chemical examination before use, since, 
if the Spar comes from zinc bearing rocks, there 
is the likelihood of the impurities in the Spar 
rendering the concrete very slow setting. Our 
experience of this type of aggregate has shown 
that the danger is that the concrete should dry 
out before the set has taken place, but if the 
concrete is kept wet, it will ultimately set and 
harden satisfactorily. We have had a number 
of experiences of this nature, and we would 
advise that small pats be made of the aggregate 
and cement and examined carefully to see that 
they harden satisfactorily. When considering 
the use of a fresh supply of aggregate of which 
one has had no previous experience, the small 
trouble entailed will always be repaid by the 
knowledge that the materials are satisfactory ; 
or if the tests should show the material to be 
unsuitable, considerable sums of money may be 
saved. 

Cement.—It is, of course, the cement which 
gives concrete its strength, and it follows that the 
stronger the cement, the stronger will be the 
concrete. The British Standard Specification 
calls for cement to have a certain strength, and 
the adoption of this specification has done an 
immense amount of good in raising the quality 
of Portland Cement to a reasonable level. Now 
when certain proportions for the concrete are 
specified on a job, unless a particular brand of 
cement is also specified, B.S.S. cement is meant. 
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If a cement on testing, exhibits, say, double the 
strength of B.S.S. requirements, surely a leaner 
mix using this cement will produce concrete of 
equal strength. 

The extent to which economical mixes can be 
obtained by the use of a high class cement is 
illustrated by the following schedule of tests of 
б” concrete cubes at 28 days, expressed in Ibs. 
per sq. inch. The conditions of preparing and 
storing the cubes prior to testing were the same 
in each case. 


Cement. Concrete Proportions. 
бїт 7:1 8:1 921 1021 
Sample A... 4850 3780 2690 2130 1900 
Sample В . 2030 


Sample C 2290 — = = — 


It will be seen that concrete made 6 to 1 with 
sample B," has less strength than that made 
9 to І with sample A and 6 to т with sample 
С? is weaker than 8 to т with sample '* A.” 

АП three cements are above the requirements 
of the British Standard Specification of 325 lbs. 
per sq. inch, for the 3 to 1 sand and cement mix- 
ture tested at the age of 7 days, as shown be- 
low :— 


Cement. Lbs. per sq. inch. 
Sample ^ ... 9855 ES 615 
Sample B . ia - 350 
Sample С... vs iA 370 


High testing cement is manufactured by choos- 
ing the proper raw materials and carrying out 
each process of the manufacture very thoroughly. 
@ne of these processes is the grinding of the 
clinker to cement, and thoroughness in this part 
of the manufacture produces a very finely ground 
cement. Now for a given weight, а finely 
ground cement will occupy a greater bulk than 
one coarsely ground, and since it is usually pro- 
portioned by volume, a distinct saving is brought 
about. The difference in bulk is often as much 
as 5%, which represents a saving of 1/- in the £. 
Moreover, the coarse material which does not 
pass through a 180 mesh sieve has practically no 
cementitious properties, and is of as much value 
as so much sand; the buying of cement residue 
is therefore a very dear way of buying sand. А 
finely ground cement is thus shown to be a better 
cement and a cheaper cement in use. 


W'aler.—W'e now come to the last constituents 
of concrete, viz. : water. This, however, is bv 
no means the least important, since a wrong use 
of water can effectively negative the good pro- 
perties of aggregate and cement. It is a fact, 
now probably undisputed, that excess of water 
in concrete reduces its strength, and that the less 
used in mixing, provided the mix is plastic, the 
stronger will be the resulting concrete. Tests 
have shown that the employment of a richer mix, 
say a 5:1 in place of a 7 :1 may not produce a 
stronger concrete if an excess of mixing water is 
present. The concrete must always be plastic 
when put in place, but the degree of“ sloppi- 
ness " must depend largely upon the use for 
which the concrete is required. For example, 
the mix for mass concrete can be made much less 
sloppy than for thin reinforced beams. In the 
past there has been great difficulty in gauging 
the sloppiness of concrete, and the degree of 
sloppiness has had to be left largely in the hands 
of the workmen. We have now available a 
method of measuring the sloppiness of concrete, 
known as the “ Slump Test." The Slump Test 
apparatus consists of a mould of galvanised iron 
in the form of a cone with the base 8 inches in 
diameter, the top 4 inches in diameter, and the 
height 12 inches. 

The mould is placed on a flat non-absorbent 
surface and filled with the freshly mixed concrete 
in four layers, each layer being puddled with a 
bullet nosed bar, and the top is struck off so that 
the mould is exactly filled. The mould is re- 
moved by raising vertically immediately after 
being filled. 

The moulded concrete is then allowed to sub- 
side until quiescent and the amount in inches the 
concrete has decreased in height is the Slump. 

With given materials, the amount of water re- 
quired per batch can be determined by means of 
the Slump Test and then this amount of water 
can be measured for each batch. The Slump 
Test is easily carried out and can be performed 
bv the foreman. 

The following results from our own experience 
will illustrate the use of this test :— 

A reinforced concrete silo was being built for 
us and throughout the work samples of the con- 
crete were taken as it came from the mixer and 
made into test cubes which were broken at 
various ages. At first we found the men mixing 
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concrete of such a sleppy nature that a slump ef 
10} inches was obtained. We got into teuch 
with the consulting engineers responsible fer the 
work, and asked for the water to be cut dewn. 
They arranged this and smaller slumps of 4 te 6 
inches were obtained. The compressien tests of 
the cubes made from the concrete showed the 
stiffer concrete to have more than double the 
strength of the sloppy concrete. 

The use of the excess water was doing nothing 
more or less than wasting half the value of the 
cement. 

The following table shows the average results 
of the tests made: 


Slump in Crushing Strength in 
Inches. pounds per square inch. 
7 days. 28 days. 

81—101 TE 666 1460 
54—63 "T 1340 2770 
44 wa. 2010 3005 


The separate constituents of cencrete have now 
been briefly dealt with, but their dependence one 
upon anether sheuld be emphasised. Peer 
aggregate or poor cement needs a richer mix to 
produce the same strength as when geod quality 
materials are used, er the cencrete must be made 
mere massive to give the same service А geod 
quality cement will preduce a geed jeb with very 
questienable aggregate, but if the other con- 
stituents of the cencrete are first-class, leaner 
mixes can be adepted or less massive cencrete 
can be used. 

The subject cannet be left without one er two 
words on the treatment ef cencrete after it has 
been laid. It is possible fer concrete to be made 
eut ef first-class materials used in the right way, 
and yet fail, if it is net given preper treatment 
after it has been laid. Fer example, concrete, if 
subjected te frest while the first hardening is 
taking place, may fail ; thin renderings subjected 
te hot, dry cenditiens without adequate pretec- 
tion, may fail through rapid drying out. The 
rapid drying eut ef floers will tend te bring en 
'" dusting.’ These twe causes of failure, eut ef 
many similar, can be readily prevented by a man 
whe understands the nature ef the materials he 
is dealing with. 

-ldulterants.—There is a tendency fer adulter- 
ants to be added te the cement or water te obtain 
some particular effect ; these additions frequently 
being made by the werkmen  witheut the 
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authority ef the Contracter. In many cases 
these admixtures are ill-advised, doing actual 
harm to the cencrete, whilst in ether cases the 
results may not be werth the extra cost. 

In rendering work, cement mixed with certain 
sands may preduce a very harsh-werking mix- 
ture. The addition ef Hydrated Lime, net ex- 
ceeding 10% of the weight of the cement will 
facilitate the working attempt at the expense of a 
slight decrease in the strength ef the material. 

The addition of Plaster (i. e., a Gypsum 
Plaster) should en ne acceunt be made, since it 
will bring abeut the disintegratien of the render- 
ing. 

The use ef salt in the mixing water te lewer the 
freezing point is not to be recemmended since the 
desired effect is enly very slight and the strength 
of the cencrete is greatly impaired. It should 
under ne circumstances be added fer reinferced 
werk. The addition ef Seda to quicken the set, 
reduces the ultimate strength of the concrete. 

In conclusion we want to repeat eur convictien 
that the study of cencrete materials by the users 
would very much improve the standard of con- 
crete work, as it would also reduce the cost. 
The cheapening ef the cest would bring concrete 
censtructien into a still more favourable pesition 
in competition with other building materials, and 
the whele effect weuld be to hasten the develop- 
ment of the Concrete Age " which is now most 
certainly beginning. 


LABORATORY REPORT. 

Portland Cement censists essentially ef tri- 
calcium silicate, di-calcium silicate, tri-calcium 
aluminate, 3—3 calcium aluminate and di- 
calcium aluminate. The additien of water te tri- 
calcium silicate results in its partial decemposi- 
tion to the di-calcium salt with the liberatien ef 
lime and since both the tri- and di-calcium 
materials are enly soluble in water te an in- 
finitesimal extent, the reaction is favourable to 
the formatien ef colleidal substances. 

Regarding the aluminates, the tri-calcium 
aluminate is the stable ene in contact with water 
and the lewer lined salts are cenverted by the 
actien of water into the tri-calcium product, with 
the liberation of alumina. Here again the pro- 
ducts ef reaction are in a colloidal state including 
the liberated alumina. These celloidal bedies 
are ef the nature ef a mineral glue, and abserp- 
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tion of water from them by the inner parts of the 
grains of cement causes the gradual contraction 
and stiffening of the jelly, and it is to this that 
the setting and hardening of the cement must be 
attributed. 

After a period of, say, 28 days, the line which 
has been continuously evolved, crystallizes with- 
in the colloidal matrix, but one cannot trace to 
the presence of these crystals any of the strength 
developed by the cement. The aluminates are 
the first to hydrate and to them must be ascribed 
the setting and strength of cement up to a period 
of 24 hours. The tri-calcium silicate commences 


to hvdrate after the first day, and continues till 
approximately the seventh, but the di-calcium 
silicate is the slowest to be effective, and the in- 
crease in strength after 28 days must be ascribed 
to the hydration of this product. Since hydra- 
tion requires water, it can readily be appre- 
ciated that a complete drying out of concrete 
prevents further hydration and therefore prevents 
further development of strength, and continual 
growth in strength of concrete can only be ob- 
tained when there is sufficient water retained 
within the mass to hydrate the slowly reacting 
di-calcium silicate. 


ECONOMIES OF LINE 


[The following extract, dealing with Teeing 
Systems, is taken from the paper on “ Econo- 
mies of Line Plant Provision," which was read 
by Mr. Н. Kitchen before the London and 
several provincial local centres last session. ] 


EEING Syslems. As mentioned earlier in 
Т the paper, a proportion of the conductors 

in Local Line cables are spare, and as this 
idle plant involves a considerable amount in 
annual charges, it will be agreed that any means 
of reducing this sum will be reflected in the 
financial results of the service. 

With the present system of underground dis- 
tribution, an ultimate efficiency of more than 
75%, i.e., of working to total wires in the cables, 
is not generally obtained with arrangements of 
joints. The alternative to very frequent re- 
opening joints and rearranging the distribution 
of the spares is the provision of additional con- 
ductors, which increases the percentage of spare 
pairs, and is a more expensive and less efficient 
method of solving the problem. 

То avoid opening plumbed joints several 
methods of teeing conductors have been tried, 
and latterly the auxiliary joint has been tenta- 
tively approved. Generally, the teeing arrange- 
ments have not proved satisfactory, and it is 
perhaps too early to pass judgment on the effi- 
ciency of the auxiliary joint arrangements. 
Auxiliary joints may, however, in some form or 
other, eventually become indispensable in con- 
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gested areas, and there is plenty of scope for the 
application of a comprehensive form of teeing. 

A system of teeing which has several new 
features and which will, it is hoped, minimise the 
drawbacks experienced. with previously tried 
methods is under consideration. 

In the proposed svstem a group of D.P.'s is 
formed, each D.P. being either directly or in- 
directlv interconnected with the others in the 
group by means of teeing so as to form the equi- 
valent of the one large D.P. 

Approximately 50% of the circuits in the main 
cable from the Exchange to the teeing point 
should be distributed direct to the D. P.'s, the 
remainder being divided so that each pair is 
made available at two D.P.'s by teeing at a 
common point. This will allow one-third of the 
circuits terminating at а D. P, to be connected 
direct to the Exchange and 3rds to be teed with 
other D.P.'s. The ratio, however, may be 
modified, if necessary, to suit local conditions. 
This method should generally give sufficient 
interconnection of the D.P.'s in a group to en- 
sure that, before апу D.P. area is regarded as 
closed to further orders, approximately go% of 
the circuits in the main cable to the Exchange 
will have been brought into use. 

The full capacity of the cables serving each 
D.P. will be carried forward towards the Ех- 
change to à common point for each group from 
which point approximately %rds of the capacity 
will be continued towards the Exchange, the 
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balance being teed at this point. The number of 
D.P.’s to be interconnected will depend to some 
extent on the geographical relation ef the D. P.'s 
to each other, a group being made up of D.P.'s 
which are reasonably close to each other. The 
primary essential, however, is that a fair number 
of D.P.'s be included in the group, say 3 to 10, 
so as te give the flexibility of a large BD. P. 

For example, a 30 pair cable might be pro- 
vided to take into the Exchange 73 D. P. ends, or 
100 pairs to take in 150 ends. Teed circuits from 
each D.P. should be spread over a reasonable 
number of ether D.P.'s in the group and, 
altheugh it is net propesed to connect each D.P. 
to every ether D.P. in the greup, the D.P.'s with 
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At D. P.'s, in additien to the ordinary number- 
ing of pairs, the teed circuits sheuld be marked 
by means of lead cellets (cempo piping) slipped 
ever the leads and soldered in positien se as te 
aveid the risk of being accidentally cut eff when 
the leads are shortened. 

'The lead collets sheuld be stamped with the 
letter T "" before being placed in position. 

Examples of teeing are given in the attached 
diagrams, Figs. I and 2. 

Fig. 1 illustrates a typical case where new 
plant is te be provided, the total capacity of the 
branches being carried ferward frem the D.P.'s 
to the first teeing peint, III, frem which 100 pairs 
in the main cable ge ferward te the Exchange. 
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which it is intercennected sheuld be teed te ether 
D.P.'s se that it may have access directly or in- 
directly te all D.P.’s in the greup. 

The teeing peint fer each greup sheuld beat a 
cenvenient junctien ef the main and distributing 
cables. 

Twe leng branches should not be teed to- 
gether, a long branch sheuld generally be cen- 
nected to a shert branch in erder te minimise less 
in transmissien. 

It is necessary that the ends ef the leads ef 
all teed circuits at D.P.'s sheuld be carefully 
insulated by means ef paper sleeves and lead 
caps seldered in pesitien beth initially and at 
any time when changes are made. 
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Similarly at points TJ2 and TJ3 an additienal 
160 pairs ge ferward to the Exchange te serve 
each of these greups in which there are 135 and 
140 ends respectively. 

The diagram is thus divided up into several 
small greups each served by ree pairs threugh 
to the Exchange, teeing being effected generally 
between D.P.'s within each greup. 

The roo pairs serving the first greup will pre- 
vide 50 Direct and 50 Teed circuits, each teed 
pair being available to twe D. P.'s, the difference 
in the number of pairs at the D.P.'s and the 
number taken threugh te the Exchange being 
150 — төө = so. Frem the greup ef D.P.'s 
there will, therefere, be 50 ends taken direct te 
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the Exchange and 100 ends teed, giving at each 
D. P. 1 direct and $rds teed. 

Each Teed circuit has to be made available at 
two points in the group, and in order to do this, 
the group should be divided into two portions 
having the same number of teed ends in each. 

In the group served from T]: there are 150 
ends, the Teed circuits can therefore be divided 
equally between the two halves of the group by 
taking half the total ends, in this case 75. 

The first portion of the group will embrace 
D.P.'s 1 to 5 and the second portion D.P.'s 6 
to 10; the requirements will therefore be met if 
50 ends in the first portion are teed with 50 ends 
in the second portion. 


The allocation of the Teed circuits is then made 
as before. 

The last D.P., No. 23, is provided for entirely 
by Teed circuits from the groups already dealt 
with, taking a number of pairs from each group. 

The effect of this is to reduce the number of 
direct pairs in each group; for example, in group 
No. т the number of direct pairs is reduced 
from 50 to 44, the difference, 6, being teed out- 
side the group to D.P. 23. 

The necessary adjustments of the figures are 
made at the D.P.'s concerned, as shown in the 
diagram. 

It will be evident, therefore, that 430 pairs 
spread over the grouped D.P.'s are available on 
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In the example, this has been consecutively at 
D. P.'s т, 2, 3, 4 and 5 by giving not less than 
two circuits to D.P.'s in the second half, in pro- 
portion to the size of the D.P.'s in the latter 
portion. 

It will be seen that in the second group there 
are 135 loops taken into the Exchange on 100 
pairs, carrying 35 Teed within the group, 10 
Teed outside the group, and 55 Direct circuits. 
In this case the division of the group into two 
halves necessitates the division of D.P. 13 into 
two portions, 17 circuits of the 25 pairs at this 
D.P. are considered as belonging to the first half 
of the group, and 8 circuits to the second half, 


the 300 pair main cable at the Exchange. With 
this arrangement it may reasonably be antici- 
pated that the whole of the capacity in the branch 
cable to апу D. P. will be available to meet 
development without re-distributing at the joints. 

Where the total capacity of a group of D.P.'s 
is small, in addition to providing intercommuni- 
cation between D.P.'s in each group, increased 
flexibility will be obtained by providing Teed 
circuits from some D. P.'s іп this group to D.P.’s 
in another group on the same main cable, thus 
in effect making two small groups into one larger 
group. 

Diagram No. 2 indicates a method of teeing 
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designed for cases where urgent relief is required 
in a D. P. area. 

In this case it is assumed that all the available 
circuits оп D.P.4 are working and that im- 
mediate relief is necessary. Sufficient spares 
exist in the main cable serving D.P.’s 1, 2 and 3 
and a new D.P.44 is therefore opened with a 
capacity of 15 pairs which аге teed over D. P.'s т, 
2and 3. The distribution of these teed pairs is 
shown on the diagram and it will be seen that 
relief is afforded without the provision of any 
additional cable in the main route. The method 
illustrated might be adopted with advantage in 
cases where an individual D.P. area requires to 
be relieved, as the work involved generally would 
be less costly than the provision of additional 
circuits in the mains. 

Records.—Provision is made on the D.P. 
card (T.E. 631) for recording Teed circuits and 
no difficulty is anticipated in making a complete 
and accurate record. 

For each Teeing scheme a diagram similar to 
Fig. I will be necessary, and in addition, а 
schedule should be prepared for each Teed joint 
giving details of the disposition of each main 
cable pair in that Joint which will be numbered 
in the ordinarv wav. 

The diagram and the schedules will be filed 
together, and retained as a permanent record. 

'Teeing svstems have been under consideration 
at Headquarters for a considerable period, and 
it is felt that the last word on this subject has 


THE 1927.28 CABLE 


A. Morris, M. I. E. 


ROM October, 1927, to January, 1928, an 
instructional course was held in the Re- 
search Section of the Engineer-in-Chief's 

Office for the purpose of training officers of the 
Department in the capacity balancing and main- 
tenance testing of underground cables. 

One or more officers attended from almost all 
the Engineering Districts. The officers were 
drawn from the ranks of the Department’s In- 
spectors, Probationary Inspectors, Repeater 
Officers and Skilled Workmen, the total number 
being 26. 


PROVISION. 


not yet been uttered. The success of teeing as 
described is thought to be largely on the 
shoulders of the officers deputed to handle the 
actual work, and a great deal depends upon the 
accuracy of the plant records, particularly those 
contained on Cards Т.Е. 630 and 631. 

Reference has already been made to the 
Auxiliary Joint method to obtain increased 
flexibility. 

This system has been tried with success in 
London. 

Briefly, the scheme is to stump out a selected 
joint, a number of pairs, say 25% to 30% of the 
capacity of the main cable feeding that joint. 
These pairs are numbered and left sealed in the 
stump until required. The remainder of the 
pairs in the main cable are distributed amongst 
the respective D.P.'s in the usual manner. The 
spare pairs in the branch cables from the D. P.'s 
to the same point are also collected in another 
stump so that the two stumps can be brought 
together to form a separate joint. 

When relief is required at one or more D.P.'s 
the stumps are opened, and an auxiliary joint is 
made, the necessary pairs being joined through 
according to the D. P.'s needing relief. Varia- 
tions in the requirements of individual D.P.'s 
are met bv opening the auxiliary joint and re- 
distributing the pairs as required. 

Details of this method are given in Mr. 
Harvey-Smith's paper read before the London 
Centre, Januarv, 1926. 


INSTRUCTION COURSE. 


E., and G. W. HODGE. 


In a previous article“ particulars of similar 
courses which have been held in the past were 
described. "The 1927/28 course was conducted 
along the same general lines as those described 
in the above-mentioned article. The course was 
divided into three parts in accordance with the 
subjects deait with, namely : — 


* © The training of officers of the British Post 
Office Engineering Department in Precision 
Testing of Underground | Cables ": Journal 


I.P.O.E.E., Vol. 19, part 2, July, 1926. 


IHE 1927-28 CABLE INSTRUCTION COURSE. AT 
Part X. Mathematical Introduction and Ele- dividual members of the class were encouraged 


mentary Alternating Current Theory. 
„ B. Cable Balancing and Acceptance 
Tests. 
Cable Maintenance Tests апа Locali- 
sation of Faults. 

"art A, which was the first stage of the course, 
was taken bv all the officers. The instruction 
given in this part was directed entirely towards 
the requirements of the subsequent lectures given 
in Parts B and C. 

Certain of the officers had attended previous 
courses in either parts B or C and consequently 
were not required to attend that part of the course 
in which they had previously received instruction. 


` 
» С. 


Тик 1927-28 CABLE 


The syllabus for each part of the course 
followed verv closelv that described in the article 
previously mentioned. 

The instruction was afforded in the first in- 
stance by means of a series of lectures, one 
lecture per day being normally given. During 
the progress of each lecture the officers made 
rough notes, which they subsequently trans- 
ferred in full to the note-books furnished for this 
purpose. Notes of the more important features 
of some of the lectures were dictated to the 
officers. During the intervals between lectures, 
members of the teaching staff were in attendance 
in the class-room for the purpose of giving addi- 
tional information and assistance, as well as help 
in the working of examples. In this way in- 


to discuss and clear up the difficulties of previous 
lectures. 

Upon completion of each of the series of 
lectures involved in parts B and C, a period of 
practical instruction was given for the purpose 
of familiarising the officers with the operation of 
the various pieces of apparatus and the testing 
methods described in the respective course of 
lectures. 

The following schedules, which enumerate the 
tests and measurements actually made by each 
officer in parts B and C, will give some idea of 
the scope of the practical instruction which was 
given during the course. 


INSTRUCTION CLASS. 


Part В. 

(i) The making of a quadruple selection for a 
38 pair cable, commencing with the 
measured unbalances and proceeding in 
the usual manner to the calculation of the 
unbalance characteristics, the selection of 
cores to be jointed together and type of 
cross to be emploved, the preparation of 
the jointing schedule and the application 
of the residual check. 

(ii) Upon drum lengths of 308/20 M.T. cable 
and bv the use of standard testing sets : — 

(а) The measuremént of within-core and 
between - core capacity unbalance. 
The initial balancing of the capacity 
unbalance set. The use of addi- 
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tional condensers for measurement 
purposes. 

(b) The measurement of within-core and 
beitween-core cross-talk in the open 
and terminated conditions. 

(c) The measurement of loop resistance 
and resistance unbalance. 

Part C. 

(i) By means of a trunk cable resistance test- 
ing set with Unipivot galvanometer, and 
making use of artificial networks repre- 
senting cable faults : — 

(a) Localisation of earth fault and con- 
tact on long and short lines bv 
Varley and Murray tests respec- 
tively. 

(b) Localisation of conductor resistance 
fault on a long line by Reid test. 

(ii) By means of four dial Wheatstone bridge, 
reflecting galvanometer and auxiliary 
apparatus, and making use of artificial 
networks representing cable faults : — 
(a) Setting up apparatus, testing for 

leakage from set and determining 
constant of galvanometer. 

(b) Measurement of insulation resist- 
ance. 

(c) Localisation of dielectric fault of high 
resistance (i. e., of an incipient fault) 


fault on a short line by double-ended 
. Varley test. 

(ili) By means of a 1000 ohm slide wire, re- 
flecting galvanometer and auxiliary appar- 
atus :— ` 

(a) Localisation of incipient dielectric 
fault on a short line by double-ended 
Murray test. 

(b) Localisation of disconnection in a 
long line by capacity charge and dis- 
charge methods. 

As the various parts of the course were com- 
pleted, each officer’s fair note book was handed 
in for reading through and correction where 
necessary by the teaching staff. 

With regard to part А previous knowledge of 
the subjects dealt with varied considerably in 
extent amongst the various members of the 
course. During the time allowed for the whole 
work it was impossible in the form of lectures to 
deal sufficiently fully with the subjects contained 
in this part, to meet the individual needs of all 
the officers. It is thought, however, that the 


lecture notes, supplemented by individual private 
study, have enabled the members of the course to 
obtain a good understanding of parts B and C. 

An interesting memento of the course in the 
form of a group photograph is reproduced on 
the preceding page. 
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TRANSATLANTIC RADIO DEMONSTRATION. 


JOINT MEETING OF 


THE INSTITUTION OF ELECTRICAL ENGINEERS AND 


THE AMERICAN INSTITUTION OF ELECTRICAL ENGINEERS. 


institutions was held on Thursday, 16th 

February, 1928, in London and in New 
York, the Transatlantic radio service forming the 
connecting link between the two gatherings. 
The London meeting began at 3 o'clock when a 
film entitled ‘‘ Voices across the sea °’ was shown 
to a very large gathering in the large hall. The 
American Institution was holding its mid-winter 
convention in the Auditorium of the Institution 
in New York and at 3.25 p.m. (10.25 a.m. New 
York time) Mr. Waterson, of the A.I.E.E., con- 
cluded the reading of a paper on Transatlantic 
telephony. Mr. Charlesworth then explained 
the position in London to the New York meet- 
ing, while Col. Purves in the following words 
performed а similar service to the London 
audience :— 

Col. Purves said: — '' Mr. President and 
Gentlemen,—The American Institute of Elec- 
trical Engineers is holding to-day its mid-winter 
Convention in the Auditorium of the Institute in 
New York. ‘Two papers on the subject of Trans- 
atlantic telephony are being presented there and 
Mr. Waterson, of the American Telephone and 
Telegraph Company, is now just on the point of 
completing the reading of the first of these 
papers. The joint meeting of the two institu- 
tions, in London and New York, will be held as 
soon as he has finished. We are using for the 
purpose the Transatlantic telephone system be- 
tween Great Britain and the United States which 
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has been in operation since January of last year 
and which provides regular public telephone 
service between the whole of the United States 
and a large portion of Canada on the one side, 
and the whole of Great Britain and several of the 
continental nations of Europe on the other. To- 
day we shall be using the Transatlantic radio 
link of about 3000 miles, and about 1200 miles of 
landline. The land line on this side connects us 
with our radio transmitting station at Rugby and 
with our receiving station at Cupar, in the 
Scottish Kingdom of Fife. On the other side it 
connects New York with the transmitting station 
Rocky Point, Long Island, and with the receiv- 
ing station at Houlton, Maine. The local 
arrangements made at New York are exactly 
similar to those made here. Two loud speaking 
receivers are provided on each side, so that the 
audiences may hearthe whole of the proceedings. 
The photograph of each speaker will appear upon 
the screen in the auditorium while he is speaking. 
I will now leave the control of the line and 
apparatus in the hands of Mr. Charlesworth, in 
New York, and he will place Mr. Gherardi, the 
President of the American Institute, in com- 
munication with our President, Mr. Page, here."' 

At 3.30 p.m. Mr. Charlesworth, having been 
connected to London, said '' Good morning, 
Colonel Lee, is Mr. Page ready to talk? ' Col. 
Lee replied '' Good afternoon, Mr. Charlesworth. 
Mr. Page is ready to talk and I will hand the 
microphone to him."' 
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Mr. ARCHIBALD PAGE. 


President of the Institution of Electrical Engineers. 
Chairman of the Joint Meeting. 


(The photo is by Elliot & Fry. The block has been lent 
to us by “ The Electrical Review.“) 


Mr. Gherardi: “ Good morning, Mr. Page." 

Mr. Page: Good afternoon, Mr. Gherardi.” 

Mr. Gherardi: ‘‘ Mr. Page, it would give us 
great pleasure if, as President of the Institution 
of Electrical Engineers—the senior Society, 
founded in 187 1—you would act as Chairman of 
this joint meeting.” 

Mr. Page: '' I regard it as a great honour to 
be asked to take the chair on this historic occa- 
sion; itis also a gracious compliment to our Insti- 
tution, and in accepting, which I do gladly, I 
desire to thank you, Mr. President, and the mem- 
bers of the American Institute of Electrical 
Engineers, most heartily. 

I welcome all present at the meeting now in 
session, and venture to predict that the proceed- 
ings will prove exceedingly interesting and likely 
to live not only in our memories, but to be quoted 
by succeeding generations of Electrical En- 
gineers as marking an important milestone in the 


advancement of electerical science. I am sure I 
interpret the desire of those assembled if I request 
Mr. Gherardi to address us, which ] now do." 
Mr. Gherardi : “* Mr. President and Members 
of the Institution of Electrical Engineers ; on be- 
half of the American Institute of Electrical Engi- 
neers, I extend to vou greetings and our best 
wishes. W'e are meeting here in New York at 
our mid-winter Convention. In the auditorium 
of the Engineering Society's building in New 
York City, from which I am speaking, there 
are assembled about one thousand members 
of our organization from all parts of the 
United States, from Canada, and from other 
parts of the New World. It is with the 
greatest satisfaction that, as a result of the 
accumulated work of the scientist, the in- 
ventor and the electrical engineer, it is possible 
for us to hold this joint meetinpg—the first of its 
kind. It is with feelings of deep appreciation 
and respect that we think of the men who have 
exemplied the ideas of vour organization—Fara- 
day, Maxwell, Kelvin, and of the manv others, 
past and present, who have contributed to electri- 
cal engineering and to the scientific foundations 
upon which it rests. These developments have 
been notable and have contributed in the greatest 
degree to the welfare of mankind. Опе of these 
developments is the age of electrical communica- 
tion—the electric telegraph and the telephone. 
These have made communication independent of 
transportation and no longer subject to all of its 
difficulties and delays. By the telephone, dis- 
tance has not only been annihilated, but com- 
munication by means of the spoken word has be- 
come possible. Starting in 1876 with instru- 
ments and line which, with difficutly, permitted 
communication over distances limited to a few 
miles, the telephone has been improved year bv 
year until continents have been spanned, and at 
last even the limitations of the Atlantic Ocean 
have been overcome, and to-day telephone con- 
versation between the two great capitals of the 
English speaking world is a reality. We are 
gratified that Transatlantic communication has 
made this meeting possible; it has added one 
more to the many ties existing between our two 
Institutions, and has added still another oppor- 
tunity for friendly communication between us." 
Mr. Page responded as follows: “ Mr. 
Gherardi and gentlemen. Please regard me for 
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the time being, not as chairman, but rather as 
representing the 13,000 members of the Institu- 
tion of Electrical Engineers. 

My first desire is to thank you, Sir, for your 
most kind message of good will to us all. In 
turn we hail the President and Members of the 
American Institute of Electrical Engineers with 
feelings of the utmost warmth and of everything 
included in the term of good comradeship. 
Owing to the hour at which it has been necessary 
to hold this meeting falling within the period 
when the bulk of our members have to be on duty 
elsewhere, we have perforce had to content our- 
selves with a smaller gathering in London than 
that composing your Convention. It is, however, 
of a thoroughly representative character, con- 
sisting of specially invited distinguished guests, 
the Council of the Institution, many of whom 
have travelled long distances to be present, and 
a large percentage of the members of our Wire- 
less Section. The telephone must rank as one of 
the greatest inventions of the roth century, and 
it has transformed the daily life of all civilised 
people. Our indebtedness to Graham Bell for 
the boon he has conferred upon us increases with 
the years, and his memory, along with that of 
Franklin and Henry, will be cherished as be- 
comes such benefactors of mankind. It would 
indeed be a gigantic task to attempt to exhaust 
the list of those of your Society who have con- 
tributed so largely to the progress of Electrical 
Science and I must content myself by paying 
tribute to a great Institution which has given 
proof time and again that Engineering is truly 
International. 

It cannot be questioned that we are living in a 
period of extraordinary change due to scientific 
discovery, and in no field has the advance been 
more marked than in that of the Communication 
Engineer. 

The Commercial Radio services thus placed at 
our disposal assure closer and closer association 
between the English speaking races, a new spice 
is added to life and the bonds of friendship 
materially strengthened. I rejoice that our two 
Institutions can combine in the future even more 
effectively than in the past and that this is the 
outcome of the splendid work done in one of the 
branches of our own profession. 

I will now resume my Chairmanship and call 
upon Dr. Jewett, who is one of the Vice-Presi- 
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dents of the American Telephone and Telegraph 
Company and a past President of the American 
Institute of Electrical Engineers."' 

Dr. Jewett said: ‘ Mr. Chairman, Mr. 
Gherardi, and fellow members of the Institution 
of Electrical Engineers and of the American 
Institute of Electrical Engineers, the opportunity 
which this occasion offers of addressing jointly 
two widely separated groups of engineers, who in 
times past have addressed each other vis-a-vis in 
London and New York, affords me the liveliest 
satisfaction. 

I am gratified to participate in an event which 
marks both a notable advance in electrical com- 
munication and a pioneer demonstration of a 
wider use for electrical communication. I am 
frankly pleased that in common with numerous 
associates on both sides of the Atlantic it has 
been my good fortune to play a part in the 
development work which has made this occasion 
possible. 

Col. Purves and Mr. Gherardi will remember 
and the rest of you will be interested to know 
that when in London more than a year ago we 
were engaged in a final consideration preliminary 
to the opening of commercial Transatlantic Tele- 
phonv, we discussed details of just such a meet- 
ing as this. That our discussion should have 
been serious and not a pleasant mental diversion 
at a time when the channels of communication 
were not in operation is a striking evidence of the 
sound basis which underlies present day elec- 
trical engineering. The fact that we saw and 
appraised the many obstacles to be overcome did 
not in the least diminish the assurance with 
which we talked of and planned for a distant 
event. 

While, therefore, the present occasion is 
highly gratifying to the engineers whose work 
has made it possible, it is in no sense a surprise. 

Success of this occasion is significant also in 
that it is the tangible evidence of a co-operation 
both intimate and full between men so situated 
as to make co-operation difficult. Оп behalf of 
my associates in America, I salute our associates 
in England." 

'The Chairman then called upon Col. Purves, 
Vice-President of the Institution of Electrical 
Engineers and Engineer-in-Chief of the British 
Post Office. 

Col. Purves said: — Mr. President, Mr. 
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Gherardi, Dr. Jewett, and Gentlemen: It is an 
honour and a privilege to be associated with this 
notable event, which, one can justly feel, is 
breaking new ground in the advance of nations 
towards closer relationship. It is a great thing 
that two large assemblies separated by wide ex- 
panses of ocean, can join themselves together as 
we are doing now and interchange their thoughts 
and ideas by the simple and natural medium of 
direct speech to a combined audience. It opens 
up the prospect of results which thrill the 
imagination and which are bound to be bene- 
ficient, and to conduce, by the way of clearer 
mutual understanding, to the good of mankind. 
On this first occasion it is inevitable that the 
many professional interests which our two insti- 
tutions share—and which we should dearly like 
to talk over with each other—should be pushed 
a little into the background, and that we should 
find ourselves preoccupied mainly with the 
wonder of the thing itself. At our meeting here 
in London we have just been shown a motion 
picture which illustrates in a very vivid and 
interesting way the initiation and progress of a 
Transatlantic telephone conversation between 
San Francisco on the Pacific Ocean and Plv- 
mouth in old England. We were not able—not 
yet able—to place it simultaneously before the 
eyes of you who are sitting there in New York, 
but some of you, at least, have seen it already. 
The greater part of it was made on vour side and 
I have to thank your President very heartily for 
letting us have the completed film. It helps one 
to recall, and to visualise, the remarkable series 
of new electrical developments—most of them 
things of only yesterday—which have combined 
to make this evening possible. 

The Radio art has given us its essential basic 
principles and the high-power amplifying tubes, 
which over here we call “ Valves "; long- 
distance telephony has contributed a host of 
new devices which are equally essential; and 
specialised broadcasting has given us the loud- 
speaking receiver. 

As we sit and talk to each other our speech is 
launched into the air, by the radio transmitting 
stations at Rugby and at Rocky Point, with an 
electro-magnetic wave energy of more than fo 
horsepower, and I may add that the combined 
effect of the various refinements and special 
devices included in the transmitting and receiv- 


ing systems is to make the speech-carrying 
efficiency of each unit of this power many 
thousands of times greater than that of an equi- 
valent amount of power radiated by an ordinary 
broadcasting station. Many further improve- 
ments are still being studied. 

I should like to express the feelings of great 
personal pleasure with which I am listening this 
evening to the voices of my old and valued 
friends of the American Telephone & Telegraph 
Co., Mr. Gherardi, Dr. Jewett and General 
Carty, and to assure them and their colleagues 
both on my own behalf and on behalf of the 
engineering staff of the British Post Office, that 
the increased opportunities of co-operation with 
them which the development of the Transatlantic 
telephone svstem has afforded us, are appre- 
ciated in a very high degree. We have to thank 
them for much helpful counsel, in this and in 
many other matters, and we look forward with 
great pleasure to a continuance of our close 
association with them on the long road forward, 
over which we still have to travel together.” 

The Chairman said: — We are delighted to 
have with us in New York, General John J. 
Carty, Vice-President of the American Tele- 
phone & Telegraph Company and a past Presi- 
dent of the American Institute of Electrical 
Engineers. General Carty is widely regarded as 
the doyen (or, to be more correct, the dean) of 
the telephone engineering profession, and we 
shall be glad if he will say a few words and pro- 
pose a resolution on the subject of our joint 
meeting.“ 

General Carty then proposed the following 
motion :— 

‘“ Whereas on this sixteenth day of February, 
1@28, the members of the Institute of Electrical 
Engineers assembled in London, and the mem- 
bers of the American Institute of Electrical En- 
gineers assembled in New York, have held, 
through the instrumentality of the Transatlantic 
Telephone, a joint meeting at which those in 
attendance in both cities were able to participate 
in the proceedings and hear all that was said 
although the two gatherings were separated by 
the Atlantic Ocean; and as this meeting, the 
first of its kind, has been rendered possible by 
engineering developments in the application of 
electricity to communication by telephone ; there- 
fore; 
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Be it resolved that this meeting wishes to 
express its feelings of deep satisfaction that, by 
the electrical transmission of the spoken word, 
these two national societies have been brought 
together in this new form of International 
Assembly, which should prove to be a powerful 
agency in the increase of good will and under- 
standing among the nations; 

And be it further resolved that а record of this 
epoch-making event be inscribed in the minutes 
of each society.“ 

The Chairman: Sir Oliver Lodge, who 
needs no introduction, is sitting beside me, and 
I have asked him to second the тойоп.” 

Sir Oliver Lodge said: It is surely right and 
fitting that a record of the transmission of human 
speech across the Atlantic be placed upon the 
Minutes of those Societies whose members have 
been instrumental in making such an achieve- 
ment possible, and І second the proposal that has 
just been made from America. 

All those who in any degree have contributed 
to such a result from Maxwell and Hertz down- 
wards, including all past members of the old 
British Society of Telegraph Engineers—will 
rejoice at this further development of the power 
of long distance communication. Many causes 
have contributed to make it possible :— 

That speech is transmissible at all is due to 
the invention of the telephone. That speech can 
be transmitted by ether waves is due to the in- 
vention of the valve and the harnessing of elec- 
trons for that purpose. That ether waves are 
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constrained by the atmosphere to follow the 
curvature of the earth’s surface is an unexpected 
bonus on the part of Providence, such as is some- 
times vouchsafed in furtherance of human effort. 

The actual achievement of to-day at which we 
rejoice, and which posterity will utilise, must be 
accredited to the enthusiastic co-operation and to 
the scientific and engineering skill of many 
workers in the background whose names are not 
familiar to the public, as well as to those who are 
well known. 

The union and permanent friendliness of all 
branches of the English-speaking race, now let 
us hope more firmly established than ever, is an 
asset of incalculable value to the whole of 
humanity. Let no words of hostility be ever 
spoken.” 

The Chairman: “ Gentlemen, you have heard 
the Motion proposed by General Carty and 
seconded by Sir Oliver Lodge. I now put it to 
the Joint Meeting. 

Those in favour. АП. 
Contrary. None. 
Carried unanimously. 

The Chairman: I suggest, Mr. Gherardi, 
that we now adjourn the meeting. I feel that it 
has been eminently successful and that we should 
regard it as the forerunner of many more to 
come." 

Mr. Gherardi agreed. 

The Chairman: That is all the business, 
gentlemen. The meeting is adjourned. Good- 
bye." 


THE LONGEST TELEPHONE CIRCUIT—VIA TRANSATLANTIC SERVICE. 


URING a recent. visit to Stockholm in 

connection with the extension of the 

Transatlantic Service to Sweden, a long 
distance test call was arranged by the London 
TAT engineers in conjunction with the A.T. & 
T. Co. engineers in New York. The trial was 
intended to determine the possibilities of inter- 
connecting long wire circuits. with the TAT 
circuit, and to find if there were anv limit to such 
connections on account of transient phenomena. 
Accordingly, a circuit was built up which was 
routed from Stockholm - Berlin - London - New 
York-Los Angeles- New | York -Chicago- New 


York. The technical features of this circuit in- 
clude : — 


Stockholm-Berlin-London. 


1050 miles 4-wire U/G extra light-loaded 
cable. 
270 miles 2-wire O/H. 
100 miles 4-wire sea cable (Baltic Sea). 
935 miles 2-wire sea cable (North Sea). 


This circuit includes 25 four-wire repeaters 
with cord repeaters at London and Berlin, and 
with two echo suppressors. 


E 
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- o^ — 
Los Angeles New Vork 2 %70 5000 А 2 * s 2 * 438 
TRANSATLANTIC CIRCUIT | 
Houlton Rugby TAT terminol 
j = —— a cord repeater 
TAT terminal 2 % 480 А 2 % 84 na cord гере 
т cord repeater 2 % 130 3020 
New York Chigago 
4: fe xxx A lies, underground, mileage. 
New York Subscriber 
London-New York (TAT). This means that the total circuit length was 
This is a 4-wire circuit with some 13,980 miles toward Stockholm and 13,840 
440 miles U/G medium-loaded | toward New York. There was а total of 115 
cable four-wire repeaters, 24 carrier repeaters, 6 cord 
у New York 


120 miles U/G extra light- 
loaded cable 
3200 miles radio circuit 


'to London 


570 miles U/G extra light- 
loaded cable 

130 miles O/H 

2920 miles radio circuit 


| London to 
New York 


There are 9 two-wire repeaters toward London, 
то toward New York, 2 four-wire terminal re- 
peaters and there is an echo suppressor at each 
end of the circuit. 


New York Exension. 


The special loop in the United States, com- 
prising a Los Angeles loop and a Chicago loop, 
included: 

4844 miles extra light-loaded cable. 
3864 miles open wire carrier. 
90 four-wire repeaters. 
16 intermediate carrier repeaters. 
8 terminal carrier repeaters. 
4 cord circuit repeaters. 
4 echo suppressors. 


repeaters in the wire circuits, and 2 four-wire and 
Ig two-wire repeaters in the T AT circuit. The 
circuit included 8 echo suppressors, and finallv 
there were the two radio transmitters and the 
radio receivers. 

The overall circuit was approximately cali- 
brated to be 20 TU, or 2.3 Bl, and under the 
fairly good radio conditions existing at the time 
of the call the circuit was sufficiently stable for 
the recognition of persons by their voices. There 
was no marked trouble from transients, which, if 
present, are always emphasised by the false 
operation of the special switching devices at 
London and New York on the TAT circuit. In 
view of this result there would seem to be no 
reason why a similar composite circuit as was 
extended on the TAT circuit in New York could 
not be added at the London terminal. If so, we 
have reached the stage when telephone conversa- 
tion with high grade lines or carrier svstems, 
interlinked if necessarv bv radio-telephone cir- 
cuits, 15 possible over a range of 21,000 miles 
at least. 


THE ‘ EMPIRADIO " 
THE “EMPIRADIO” 


FEW years ago the detached ebserver 

might well have formed the opinien that 

the stage was set fer a leng centreversy 
as to the relative advantages of leng wave and 
short wave telegraphy for Jong distance radio 
cemmunications. There was a serious danger 
that the continued advancement of this ceuntry 
in the forefront of radio pregress would be 
jeopardized by a failure to realise that for 
particular purposes each was invaluable, and 
that the twe extremes ef the art ef radie cem- 
munication were in fact complementary. 

Fortunately, however, follewing the comple- 
tien of the Rugby High Pewer, Leng Wave 
Radio Station, it was decided to proceed with the 
'" Empiradio " Beam Stations. 

The construction of the greup of stations in 
this country operating on the Beam system fer 
cemmunication with Canada, Seuth Africa, 
India and Australia, is the outcome of an agree- 
ment made between the Pestmaster-General and 
Marconi's Wireless Telegraph Ce. in July, 1924, 
in which a guarantee was given that effective 
speeds both ef sending and receiving simul- 
taneouslv at 100 words per minute during a daily 
average of 18, r1, 12 and 7 hours respectively 
would be obtained. 

The grouping of the stations is in twe pairs. 
Bodmin is a two-beam transmitting statien fer 
Canada and South Africa with its cerrespending 
receiving station at Bridgwater, while Grimsby 
and Skegness are similarlv the transmitting and 
receiving stations for India and Australia. 

In determining the location ef the stations con- 
sideration was first given te the practicability of 
cembining all the transmitters at ene site and the 
receivers at anether. The conditiens te be met, 
en the one hand, ef aveiding pessible inter- 
ference with breadcasting and ether services, 
and en the ether, ef ensuring a free path in the 
immediate preximity of the aerial svstem clear ef 
trees, buildings and hills were toe enereus to 
permit this ideal solutien te be found. Te meet 
the latter condition it was stipulated that there 
should be no obstruction in front ef the aerial 
subtending an angle of mere than six degrees 
above the horizontal. 

A further consideration was the necessity of 
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locating the receiving station a sufficient distance 
from the transmitting station, and clear of the 
direct path of the eutgoing beam, te aveid inter- 
ference from this seurce. The selectien ulti- 
mately made of lecating the Canadian and Seuth 
African Statiens in the Seuth-west ef England 
gives a very short travel overland in the direction 
ef the distant statiens befere clearing the ceast 
line. The same cenditiens apply fer the Indian 
and Australian Stations on the Nerth-east ceast, 
except that in the case ef Australia as prepaga- 
tion is made alternatively in two directiens 180? 
apart one path is necessarily across England. 
During the period approximately midday to 
midnight transmission to Australia is in an 
easterly directien, i.e., the shorter great circle 
path, whilst from midnight te midday transmis- 
sion is in the opposite direction, which, although 
longer, is chiefly ever sea. 

АП of the sites meet the cenditions ef being 
flat, free from weods and buildings er from 
abrupt changes ef centeur in the immediate area. 

Alternative wave-lengths are used fer each 
transmitter except that fer Australia. Those at 
present employed are :— 


'To Canada 16.574 m. 32.397 m. 
„ S. Africa 10.146 m. 34-013 m. 
„ India 10.210 m. 34.168 m. 
„ Australia 23.906 m. 

From Canada ... 16.501 m. 32.125 m. 

„ S. Africa... 16.07; m. 33-708 m. 
„ India e. — 16.286 m. 34-483 m. 


„ Australia 25.728 m. 

Buildings.—The main buildings at Bedmin, 
which are steel framed with concrete walls, are 
divided inte three sectiens (a) Power House, 
Battery reem and offices, 116' bv 57“; (b) Trans- 
mitter reem, 38' by 34'; (c) Abserber and oil 
pump heuse, 26' by 16'. The latter is used to 
accemmedate the abserber resistances, Sturtevant 
blowers fer ceeling these resistances, blowers fer 
ceeling the seals ef the Main Valves, pumps fer 
the circulatien ef paraffin threugh the jackets ef 
Main Valves. 

The Transmitter room is cennected to the 
Pewer House by a shert covered passage, the 
centinuity between the two buildings being 
broken in order to avoid the transmission of 
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vibration from the engines and machines to the 
transmitters. 

The buildings at Grimsby are constructed. of 
brick and are similar to those at Bodmin, with 
the exception that accommodation is not required 
for oil engines and a separate building is pro- 
vided tor terminating the outside power supply. 

At the Bodmin Station the main power supply 
is provided by three Ruston and Hornsby, three- 
cylinder, vertical, heavy-oil engines, each giving 
105 B. H. P. at 300 revs. per minute and directly 
coupled to a g2 K.W. compound-wound dynamo 


three 83 IX. W. X. single phase transformers. The 
auxiliary machines at Grimsby are driven by 
induction type motors, 400 volt, 3-phase, 50- 
cycles. 

With the exception of the power supply the 
transmitter details are similar at both stations. 

The receiving stations are each equipped with 
two 18 H.P. two cylinder, petrol-paraffin engines 
direct coupled to то K. W. Dynamos, supplying 
power at 165/110 volts for battery charging and 
lighting. The general design of all the receivers 
is the same, with the exception already noted 
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delivering D.C. at 440 volts. These engines, 
which have special 7 ton fly wheels, are mounted 
on a large concrete block supported on cork pads 
to minimize the transmission of vibration and 
carried on a concrete гай. The engines are 
started up bv means of two air compressors 
driven by small auxiliary petro-paraffin engines, 
air being stored in two containers at 300 lbs. per 
sq. inch. 

The Grimsby Station obtains its power supply 
from the Grimsby Corporation Electricity Works 
at 6000/6600 volts, 3-phase, 30-cvcles, which is 
transformed to 400 volts, 3-phase, by means of 


that provision is only made for one wave-length 
reception from Australia. 

The essential differences between the stations 
having been noted above, the detailed description 
will be conlined to the Canadian and South 
African groups. 

ite. — The Bodmin transmitting station is 
about 4} miles from Bodmin and borders the 
main road from there to Truro. The total area 
enclosed for the buildings and aerial system is 
about 43 acres. 

Fig. L shows the buildings and the 
African masts. 


South 
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Water Supply.—Water for engine cooling and 
domestic purposes is obtained from two bore 
holes on the site. 

Storage capacity and cooling is provided for 
by a ferro-concrete reservoir having a capacity 
of 30,000 gals. 

Power.—All the auxiliary 
driven by 440-volt direct current motors. 
comprise: 

1. Three alternators, each having an output 
of 50 K.V.A. single phase, 1000 volts, 
300 cycles, which supply the main high 
tension power at 7000 to 10,000 volts to 


generators are 
‘Thev 
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the Rectifying Panels. The 500 volts 
is transformed down to 11-12 volts. 

4. Two '' magnifier filament ’’ generators, 
each having an output of 18 K.W. D.C. 
at 24 volts to supply the filaments of 
all the oscillator valves in the main 
oscillators, No. 2 Magnifier, and the 
Main and Sub-Absorber Valves. 

5. Two D.C. generators, each having an 
output of 8 K.W. at 100/165 volts for 
lighting and control circuits. 

Fig. 2 shows the layout of the engine and 
machine room. 


Fic. 2.—BopwiN ENGINE AND МАСНІМЕ Room. 


the anodes of the transmitting valves 
after transformation and rectification. 

. Three alternators, each having an output 

of 1.2 K. V. A., single phase at 220 volts, 
500 cycles, for high tension supply at 
2000 volts to the anodes of the valves in 
the drive or master oscillators, and the 
first amplifier stage. 

3. Two ''rectifer filament ° alternators, 
each having an output of 20 K. V. A. 
single phase at 500 volts, 300 cycles, for 
heating the filaments of the valves in 


l2 


Batteries.—In addition to a stand-by lighting 
battery, special filament lighting batteries are in- 
stalled for the master oscillator and No. 3 magni- 
fier. "These batteries are provided with a dis- 
charging resistance and are only put on load over 
the flat portion of the discharge curve, to ensure 
constancy in the master oscillator. 

400 volt, 5 amp.-hour batteries are supplied 
for negative grid voltape to the magnifier and 
sub-absorber valves. 

Reclifiers.—One main rectifier and one drive 
rectifier is provided for each transmitter. Each 
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main rectifier comprises 16 Marconi MR 7A 
valves associated with smoothing chokes and 
condensers and step-up transtormer for convert- 
ing from 1000 volts at 300 cycles to 10,000 volts. 

The drive rectifiers comprise 2 Marconi MR 
7: valves and supply up to 3000 volts D.C. 

Fig. 3 shows the Rectifier panels. The trans- 
formers and smoothing plant аге mounted. be- 
hind the rectifiers, and the whole is contained 
in a“ high tension enclosure " in a corner of the 
Machine Room. 

Transmitters.—Vig. 4 shows the Canadian 
transmitter on one side and the South African 


valves is balanced, either by paralleling with a 
second valve acting in push-pull as in the second 
and final stages of amplification, or with a 
balancing condenser as in the case of the first 
stage; (c) and by an absorbing circuit which 
ensures constancy of load on the power supply 
during both marking and spacing. 

The Master oscillator, which has an anode in- 
put of 160 watts, is screened. in a copper box. 
The valve, which is air cooled of type T.250, is 
self-oscillating and drives the grid circuit of No. 
3 magnifier. А 

Хо. з Magnifier, which provides the first stage 


Fic. 3.—Bopmin. 


transmitter on the other, with the Control table 
in the centre. 

The transmitters as shown in the photograph 
have the protective sereening in front of the 
panels removed. 

The transmitters are specially designed to en- 
sure stability of wave-length and are controlled 
by Master oscillators. Constancy of wave- 
length is obtained (а) Бу careful screening of the 
master oscillator; (b) by a bridge method of 
connecting the amplifiers whereby the internal 
capacity between the grids and anodes of the 


RECTIFIERS. 


of amplification. operates on an anode input of 
2000 volts and a feed current of go milliamperes. 
The valve, which is a Marconi MI. T. 10, is effec- 
tively screened in a similar manner to the master 
oscillator and is coupled to No. 2 Magnifer. 
No. 2 Magnifier, which supplies power to the 
grids of No. 1 Magniher has two M.T.9F air- 
cooled valves, the anode supply being taken from 
the 10,000 volts. D.C. supply through re- 
sistances. In the marking condition the anode 
voltage is about 5,500 and the feed 150 milli- 
amperes. ln the spacing condition the high 
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tension supply is shunted through the absorber 
circuits and the oscillation is so reduced that 
No. 1 Magnifier does not oscillate. The normal 
grid bias of No. 2 amplifier is approximately 200 
volts. 

No. 1 Magnifier, the final stage of amplifica- 
tion, has two Marconi. type C. X. T. 2 Metal- 
Glass, oil-cooled valves, the filament voltage 
being about 20 volts and a current of 50 amperes 
per valve, which is supplied from a 24 volt D.C. 
Motor Generator. 

The high tension D.C. Supply is at from 7000 
to 10,000 volts, the feed current being about 1.1 
amperes per valve, and the negative grid bias 
approximately 400 volts under normal working. 

The valve seals are cooled bv air blast and the 
anodes are cooled by a closed circulating svstem 
of paraffin oil. About зоо gallons of oil, per 
valve per hour, is circulated and this is cooled by 
means of coils submersed in water tanks. 

The C. X. T.2 Cooled Anode Valves are rated 
to take an input of 10 K.W. at 15,000 anode volts 
and are specially designed for short wave trans- 
mission, in particular characterised by high in- 
sulation and low inter-electrode capacity. 

Fig. 5 shows (a) Master oscillator (bottom 
right) ; (b) No. 3 Magnifier (bottom left) ; (c) No. 
2 Magnifier (upper half of panel). 
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Master Оѕсил.лток, Nos. 2 AND 5 MAGNIFIERS. 
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Keving.—Fig. 6 is a diagram of a complete 
‘Transmitter. 

The keying arrangements are designed to keep 
the load on the power supply constant, for which 
purpose main and sub-absorbing circuits are 
provided, which shunt the high tension supply 
by means of two type C. X. XI. 2 oil-cooled, metal- 
glass valves in parallel through resistances dur- 
ing the spacing periods, and simultaneously drop 
the voltage on No. 2 magnifier to about 600 
volts. 

The land line signals pass through an X. T. NI. 
relav, and the spacing and marking currents are 
arranged to make the grid of the C..3.M.2 Valves 
conductive or non-conductive by throwing their 
grids positive or negative. These effects 
stepped up through a circuit called the Sub- 
absorber which has two type ID. E. F. Valves in 
parallel. 


are 


The main absorber resistances are housed in a 
separate room and are air cooled by Sturtevant 
blowers. ‘These resistances are designed to dis- 
sipate from 20 to 24 K. W. of energy. 

Controls. — The control. tables, which 
shown in the centre of the Transmitter room, 
carry three potentiometer type regulators for the 
control ot the voltage of each main power alter- 
nator, and also three similar regulators con- 
trolling the voltage of the drive power. alter- 
nators. In addition variable resistances 
provided to control the filament current to the 
valves. 


are 


are 


Feeder. Stem. -& completely independent 
feeder system is used for each wave-length on 


each transmitter. lig. 7 shows the two feeders 
serving the South African aerials at Bodmin. 
Two bays are allocated to the aerial system for 
each wave band, and one feeder runs from the 
transmitter room to the centre point of each pair of 
bays. At this point there is a junction box which 
divides into two branches, one going to the 
centre of each bay. Here there is another junc- 
tion box and the feeder is again divided equally 
and branches as before, the process being re- 
peated until there is one branch for each pair of 
aerial wires. This arrangement ensures that the 
length of feeder from the transmitter to each 
aerial wire on one particular aerial system is 
exactly the same. The feeder terminates at an 
aerial coupling box containing an auto-trans- 
former, from which an individual feed is made 
to each aerial wire. 


Soutu AFRICAN AERIALS. 


FEEDERS FOR 
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Fig. 8 shows a typical layout of the feeder 
system for wave-lengths of 30-35 metres. 

The aerials and feeders are so balanced and 
adjusted that the sum of the system acts as a 
pure resistance load on the transmitter so that 
there is no reflecting wave up and down the feeder 
system. To ensure this condition, at a point 
near the transmitter house two loops of feeder 
tube are so arranged that 3 high frequency 
thermo-ammeters come into proximity although 
situated at distances 32 feet apart along the 
feeder. Reflected waves are indicated by 
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different readings on the 3 ammeters. The 
feeders consist of two concentric copper tubes air- 
insulated, the outer being earthed and carried on 
iron standards driven into the ground, whilst the 
inner is insulated Бу means of porcelain spacing 
insulators. 

Special precautions have been taken to provide 
for expansion due to variations of temperature. 
Spun metal expansion joints are inserted every 
16 ft. on the outer tubes and special boxes are 
provided at every 160 ft. to allow for expansion 
on the inner tubes. 


At the Transmitting Station the outer tubes 
vary from 3} to 21 inch internal diameter and 
the inner tubes from 7/8 to 11/16 inch outside 
diameter. 

Masts and Aerials. - Геп masts have been 
erected at Bodmin and Bridgwater, five being 
used for the service to Canada and five for South 
Africa, two bays being utilised for each wave- 
length. 

At Grimsby and Skegness eight masts have 
been constructed, as only one wave-length is pro- 
vided for communication with Australia. 


FEEDERS, LeN WAVE BAYS. 


Each row of masts is arranged in a line at 
right angles to the great circle bearing of the 
distant station. The masts are of steel-lattice 
construction with an overall height of 287 feet, 
except in the case of the Australian masts which 
are 260 ft. "The cross arms are до ft. long and 
also of steel-lattice construction. 

Each masts has four legs and cross bracing of 
angle section, the vertical members being made 
up of 5“ by 5“ by 3" angles. The legs are 
attached bv holding down bolts to concrete 
blocks, each 8 ft. square. The centres of the 


62 THE 


" EMPIRADIO " 


BEAM STATIONS. 


concrete blocks are 12 ft. apart and the masts are 
12 ft. square throughout their length. 

The masts are spaced at 650 ft. and each is 
provided with one set of 4 stays attached at 216 
ft. above the ground. 

The end masts have also 4 back stavs to 
balance the strain of the triatics. 

The aerial and reflector wires consist of a 
number of vertical wires of No. 16 S. W. G. 
copper clad steel, suspended from triatics which 
are attached to the cross arms, the aerial wires 
being in front of the masts and the reflector wires 
behind in the direction of propagation. 


Inductances are inserted in the aerial wires, 
and the reflector wires are broken up into in- 
sulated sections, the number of wires, their 
distance apart and the number of inductances be- 
ing dependent on the wave-length employed. 

As a typical example the following are the 
particulars of the Canadian short-wave bays :— 

There are 24 aerial wires spaced at 19' 0” apart 
and twice the number of reflector wires; the 
latter are spaced at 97 6" and staggered in respect 
to the aerials so that the projection of an aerial 
wire on the reflector plane is midway between 
two wires. 
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The triatics are suspended on the double 
catenary suspension system, and tails of varying 
length are inserted between the triatics and the 
aerial and reflector. wires to allow for sag in the 
triatics and to ensure that the average height of the 
wires follows the contour of the ground surface. 

As will be seen from Fig. 9 each vertical wire 
is brought down to a point within a few feet from 
the ground, and balance weights are provided to 
ensure an even tension on each individual wire 
and to minimise the movement of the wires dur- 
ing high winds. 


The distance between the line of aerial and 
reflector wires is 40 ft., or slightly greater than 
i of a wave-length. In the case of the longer 
waves the distance is reduced to about + wave- 
length. Each vertical aerial is divided into three 
straight sections separated by phasing induct- 
ances. These lengths are unequal and vary from 
2 of a wave-length at the top to about 1$ wave- 
length from the bottom inductance to the auto- 
transformer. | 

The reflector wires are divided into 8 insulated 
sections, each approx. } wave-length in length. 


ТНЕ 


The Australian beam system of reflectors is 
somewhat different, in this case the wires are in 
one uninterrupted length earthed at the bottom. 

Receivers.—The aerial and transmission lines 
for the receivers are nearly identical with those 
used for the transmitters. The buildings for 
housing the receiver are in two sections, the 
engine room, and the receiving room and offices, 
which are joined by a short covered passage but 
with the continuity broken to avoid the trans- 
mission of vibration from the engines to the 
receivers. 

The special characteristics of the receiver are 
the constancy of the output of rectified current to 
the line relay under varying amplitude of signal 
and slight changes of frequency. 

It comprises ro units, each contained in a 
copper screened box. 
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Fig. 10 shows two complete Receivers. The 
units are : — 
1. Feeder Terminal Unit. 
2. Modulator. 
3. Incoming short-wave circuits and first 
hetrodyne. 
4. First filter amplifier. 
5. First rectifier, second hetrodyne and first 
listening circuit. 
6. Second filter amplifier. 
7. Additional second filter amplifier. 
8. Main rectifier and second listening cir- 
cuit. 
9. Recorder and limiting circuits. 
10. Switchboard for valve testing. 


(In duplicate). 
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The units are mounted on a vertical iron rack, 
connections between the units being made at the 
back, all tuning controls and switches being 
arranged on the front. 

Fig. 1115 a diagram of a complete Receiver. 

The feeder terminal unit, where the aerial 
svstem is joined to the receiver, has two tuned 
intermediate circuits which can be weakly 
coupled together. The second intermediate cir- 
cuit has a variable coupling to the input circuit 
of the receiver, which is tuned to the frequency 
of the transmitted wave and is connected to 
two modulating valves worked in push-pull. 
Coupled to this circuit is the first hetrodvne cir- 
cuit which produces a beat wave of about 1600 
metres, The signal on the new frequency has 
three stages of high frequencv push-pull amplifi- 
cation, designed to give a constant amplifi- 
cation over a 10,000 cycle band with a sharp 
cut-off outside the band. Following the three 
stages of high frequency amplification, the 
signals are rectified and again hetrodyned. 
This second hetrodvne is used alternatively 
bv means of a switch for giving an audible 
beat frequency or for changing the wave- 
length to about 10,000 metres. A further three 
stages of high frequency amplification follows at 
the £0,000 metre wave-length. This filter ampli- 
fier is similar to the first, except that the band 
width is only 5,000 cvcles. Two additional 
stages of amplification can be added at this fre- 
quency if necessary. After the second amplifier 
the signals are again rectified and the outputs of 
the rectified valves work in parallel into limit- 
ing valve through a milliammeter which in- 
dicates the signal strength. "The limiting valve 
is adjusted to give about 3-4 milliamps of plate 
current when the current in the plate circuit of 
the rectifier valve is zero. The minimum record- 
ing signal strength is that which reduces the 
plate current of the limiting valve to zero. Any 
signals of a greater intensity are dissipated in a 
resistance, so that the energy supplied to a direct 
current bridge which provides marking and 
spacing currents for operating the relay is con- 
stant. Means are provided for listening to the 
signal by superimposing an audible frequency 
oscillator of 1200 cycles from a valve generator 
on the first hetrodyne. 

Land Line Circuits.—The actual operation of 
the services is carried out at the Central Tele- 
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FIG. 11.—DIAGRAM er RECEIVER. 


graph Office, two Wheatstone circuits being 
allotted to each transmitting station and receiv- 
ing station. 

In addition one double current speaker is pro- 
vided for each service, the transmitting Station 
and receiving Station being omnibus on the same 
line. 

In order to check the land line signals at the 
Beam Station а Wheatstone receiver or undu- 
lator is connected in circuit on each line and 
constant supervision kept of the quality of 
the signals. 

At the transmitting station a pick-up set with 
Wheatstone receiver is coupled to No. 1 Magni- 
fier on each transmitter so that the signals pass- 
ing to the aerial can be kept under observation. 


The theoretical gain obtained from the use of 
Reflectors and Multiple Aerials both for the 
transmitting and receiving stations as employed 
in the ‘ Beam ” System is beyond the scope of 
this article. It involves the consideration of the 
intensity of field in the horizontal plane, i. e., the 
polar diagram in that plane, and also the angle 
of propagation in the vertical plane. 

In the specification. governing the Beam 
Stations the only stipulations were that '' the 
aerial systems to be so designed as to concentrate 
the emitted waves within an angle of r5? on either 
side of the axis of transmission ; the energy of the 
radiations beyond this angle not to exceed 596 of 
those on the axis; the receiving stations to have 
a similar aerial system designed to have its maxi- 


THE “ EMPIRADIO " 


BEAM STATIONS. 65 


mum receiving power in the direction of the 
desired stations.“ 
In this connection, Fig. 12 is of interest as 


Polar. Curve Bodmin. 


26-086 meles. 2 Bays. 


— Degrees _ 0—— 
ю 75 5 25 о 25 5 75 ю 


Each Bo 5-6А. July 1926. 


Gap between Bays 2А Thick hne observed. 


Taken at radivs of 6217 ft. 
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indicating the field strengths which were 
measured at Bodmin at a distance of 6217 ft. from 
the centre of the system with the original aerials 
operating on a wave-length of 26.086 metres. 

In addition to the gain obtained by concentrat- 
ing the energy in the required direction from the 
transmitter, the use of the beam aerial system for 
the receiver has other apparent advantages. The 
signal strength is increased proportionately to 
the wave front intercepted by the aerials and to 
the reinforcement from the reflectors, whilst the 
effects of fading, so pronounced at certain periods 
on short waves, is minimised to some extent. 

The successful introduction of the Short-Wave 
Beam System over long distances and on a com- 
mercial basis has been an undertaking of a 
pioneer nature and of such far-reaching conse- 
quences as to reflect great credit on the initiative 
and enterprise of the Marconi Coy. 

The inauguration of the Empiradio service be- 
tween this country and the Dominions has been 
followed by the adoption of short-wave directive 
system on the beam "' principle by many other 
countries, and has undoubtedly marked a great 
advance in the art of long distance communica- 
tion. 

The photographs and drawings illustrating 
this article have been supplied by the courtesy of 
Marconi’s Wireless Telegraph Coy., Ltd., to 
whom generous acknowledgement is made. 
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SEAFORTH RADIO STATION 


CONVERSION OF SPARK TRANSMITTER TO CONTINUOUS WAVE AND 
INTERRUPTED CONTINUOUS WAVE TRANSMITTER. 


W. M. OsBORN, A. M. I. E. E. 


N important event in the history of the 
A British Coast Radio Stations took place 
on the 16th August last, when the system 
of transmission by Interrupted Continuous 
Waves was brought into use at Seaforth Radio 
Station in place of the Spark system, which has 
been the system in general use for normal ship 
and shore communication since the inception of 
the service. 
This innovation initiated a scheme, fore- 


VOL. XXI. 


shadowed in an article by Mr. E. H. Shaugh- 
nessy on the Post Office Wireless Services“ 
which appeared in Volume r9, Part r, of this 
Journal, for the equipment of the British Coast 
Radio Stations with Valve Transmitters in 
anticipation of the probability, which has since 
been realised, that the next International Radio- 
telegraph Conference would prohibit the use of 
Spark in favour of the Interrupted Continuous 
Wave system. The International Radiotele- 
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graph Conference held at Washington, U.S.A., 
in October last agreed, subject to ratification by 
the Governments represented, to prohibit the use 
of the Spark system by land stations after 
January ist, 1935, and bv ship and all other 
stations after January 15, 1940, except stations 
using less than 300 watts primary power. 

The Interrupted Continuous Wave system is 
the equivalent of the Spark svstem in so far that 
both systems employ types of emissions which 
can be received on a crystal receiver or on an 
ordinary valve receiver without a heterodvne. 
Interrupted Continuous Wave transmission 
causes much less interference to broadcast and 
other services than Spark transmission ; this is 
due to the sharper resonance curve obtained with 
the former as compared with the latter trans- 
mission. 

It was considered desirable to gain some ex- 
perience of the suitability of Valve Transmitters 
for the operating and range requirements of the 
Coast Station Service before proceeding with the 
general replacement of the Spark Transmitters 
at the Coast Stations; the Seaforth Station was 
selected for this purpose in view of the small 
amount of structural alterations required to 
accommodate the new plant and also on account 
of the desirability of minimising the interference 
to broadcast reception experienced in the thickly 
populated area around Liverpool. The Seaforth 
Station is situated only 4 miles, approximately, 
from the centre of Liverpool. 

The Spark Transmitter at Seaforth Radio 
Station was a 1} K. W. Set of the Radio Com- 
munication Coy.’s standard type and was in- 
stalled by the Company in 1922. A contract 
based upon a specification prepared in the Post 
Office Engineering Department was placed with 
the Radio Communication Coy. for the conver- 
sion of the Spark Transmitter to a Valve Trans- 
mitter adapted for Continuous Wave and Inter- 
rupted Continuous Wave telegraphv. The con- 
tract provided for the utilisation, as far as 
possible, of the existing apparatus and for the 
work to be carried out without interruption to 
the activities of the station. 

Provision has been made for Continuous 
Wave and Interrupted Continuous Wave equip- 
ment in anticipation that the Continuous Wave 
system will at some time be utilised for some 
purposes in ship and shore communication ; the 


Interrupted Continuous Wave svstem may ulti- 
matelv be reserved for calling and distress pur- 
poses. 

General Descriplion. — The new equipment 
comprises Main 1} K. W. and Emergency 100 
watt coupled circuit Valve Transmitters. The 
Main Transmitter is equipped for operation on 
220, 600 and 800 metre waves and, in addition, 
provision is made for continous change of waves 
between 780 and 820 metres. The changes in 
wave and variations in power are effected from 
the operator's position by a Bowden wire system 
of remote control. The Emergency Transmitter is 
equipped for operation on a 600 metre wave only. 

"For Interrupted Continuous Wave transmis- 
sion both Transmitters are designed for a note 
frequency of 1000 per second. 

The main aerial of ‘ umbrella ° type, sup- 
ported bv a mast 150 feet high, is used for the 
600/820 metres wave range. The insulation of 
this aerial was improved, prior to the conversion 
of the transmitter, by the replacement of the old 
type rubber strop insulators by porcelain rod in- 
sulators; this was desirable in view of the high 
standard of aerial insulation required for satis- 
factory valve transmission. For the 220 metres 
transmission a separate aerial consisting of a 
single wire, approximately 8о feet in length sus- 
pended from a pole 80 feet high, has been pro- 
vided. 

Power for operating the Main Transmitter is 
taken from the 460 volts D.C. public supply 
service; the Emergency Transmitter is arranged 
for operation from a battery of secondary cells, 
to ensure that the station shall not be completely 
out of action if the power supply service fails or 
for other similar reason. 

Lay-out. — The duplicate motor-alternators, 
main transformer and power panel which formed 
part of the Spark installation have been retained. 
The motor-alternators and a motor-generator for 
the Emergency Transmitter are accommodated 
in the Machine Room adjoining the Operating 
Room; the power panel and the transmitting 
plant are installed in the Operating Room. The 
Transmitters are assembled behind a protecting 
lattice screen on an apparatus bench near the 
operator's position; the indicating instruments 
associated with the Transmitters are under the 
operator's observation and all control of the plant 
is effected from the operator's position, 
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Control.—Bowden wire controls working over 
a system of pulleys are provided for switching 
over either aerial to the Main or Emergency 
Transmitters and for wave changing. The 
change-over from Continuous Wave to Inter- 
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rupted Continuous Wave and vice versa with 
either Transmitter is effected by hand-operated 
switches; an automatic starter with press button 
control for the motor-alternators and a hand- 
operated switch for the control of the emergencv 
motor-generator are provided, and the change- 


SEAFORTH RADIO STATION 
1/2 KW. CW.-ICW TRANSMITTER 


Scnemaric DiaGRAm. 


RECTIFIERS. 


Power Crowe 
ғима. 4/9, Ae. 


FILAMENT LIGHTING TRANSFORMERS. 


over of the aerial in use from the Transmitter to 
the Receiver is also effected electrically by a 
switch at the operator’s position. 

The Transmitters operate in conjunction with 
the Station’s Valve Receiving plant and are 
associated with that plant by means of a “© Send- 
Receive switch which provides for the isolation 
and protection of the Receiver from the Trans- 
mitter when the latter is in operation. 

Fig. I is a photograph of the new transmitting 
equipment as installed at Seaforth with the pro- 
tecting screen removed and without the power 
panel. The Bowden wire control panel can be 
seen mounted on the wall over the operating 
bench on the extreme left of Fig. 1; the Main 
Transmitter is shown on the left and the Emer- 
gency Transmitter on the right assembled with 
their component parts on the apparatus bench; 
the leading-in insulators and the switching acces- 
sories can be seen mounted on the wall over the 
apparatus bench. 

The two transmitting keys shown in Fig. 1 on 
the left of the operating bench are associated 
with the Main and Emergency Transmitters 
respectively. The ammeter shown immediately 
behind the transmitting keys indicates the aerial 
current for both Transmitters, and is of the mov- 
ing coil type shunted across a thermo-junction 
in the aerial circuit. 
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Figs. 2 and 3, respectively, are schematic dia- 
grams of connections of the Main and Emer- 
gency Transmitters. 

Main Transmitter.—The Main Transmitter is 
of the Radio Communication Coy.’s standard 
type modified to meet the Post Office specifica- 
tion requirements. 

The Transmitter consists of an angle iron 
structure with enclosing side panels and a hinged 
front gate, which is fitted with a safety switch so 
that the H.T. transformer circuit is broken when 
the gate is open. 

The 5000 volts H.T.D.C. supply for the oscil- 
lating valve is obtained from a motor-alternator 


wave transmission the smoothing unit is discon- 
nected, when the waves generated by the oscil- 
lating valve are modulated at the frequency of 
the rectified H.T. supply, viz., tooo per second, 
which is the emitted note frequency of the Inter- 
ruped Continuous Wave Transmitter. 

The oscillating valve is of glass type rated at 
300 watts anode dissipation. 

The filaments of the oscillating and rectifying 
valves are heated by the 200 volts A.C. supply 
transformed down to the required filament volt- 
ages. Variable chokes for regulating the bril- 
liancv of the oscillator and rectifier filaments and 
an adjustable compensating choke for the pur- 
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and transformer associated with rectifying valves 
as indicated in Fig. 2. The motor-alternators 
are rated for an output of 11. K. W. at 200 volts 
at a periodicity of 500 cycles per second. The 
rectifying unit employing two glass valves rated 
at 150 watts anode dissipation is of standard 
““ full-wave " type, thus producing a ripple in 
the H.T.D.C. supply at a frequency of 1000 
cycles per second. 

The rectified H.T. supply is smoothed for con- 
tinuous wave transmission by means of choke 
and condenser units; for interrupted continuous 
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pose of maintaining the brilliancy of the fila- 
ments during the intermittent keying load are in- 
cluded in the primary circuit of the transformer ; 
for simplification, these chokes are not shown 
in Fig. 2. 

The oscillating valve is associated with a closed 
oscillatory circuit loosely coupled to the aerial 
circuit. 

The closed circuit and aerial tuning induct- 
ances are of plated copper strip wound edgewise 
on grooved insulating supports to which con- 
nections and wave-change tappings are made by 
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spring clips. Variometers are included in the 
closed and aerial circuits for continuous wave 
change between 780 and 820 metres. 

The condensers enbodied in the Transmitter 
are of the mica di-electric type. 

From Fig. 2 it will be seen that the signalling 
key and a power switch regulable to 1/16, 4 and 
full power are included in the main transformer 
primary circuit; the power switch is provided 
to facilitate compliance with the Operating 
Regulation calling for the use of minimum power 
for effective communication. 

Emergency — Transmilter.—lhe Emergency 
Transmitter is, a self-contained unit of the panel 
type and is designed to operate with a total power 
input of roo watts from a 12 volt batterv of 
secondary cells of 120 ampere-hour capacity. 

From Fig. 3 it will be seen that two valves are 
employed with their filaments in series and that 
the battery supplies current for the filaments and 
also for the motor-generator which supplies the 
H.T.D.C. power to the anodes of the valves. 

'The motor-generator is designed for an input 
of 80 watts and an output of approximatelv 4o 
milli-amperes at 1000 volts D.C. 

'The Transmitter employs two glass valves as 
oscillators, connected in parallel; the valves are 
of the dull emitter tvpe capable of dissipating 4o 
watts at the anodes. 

The circuit emploved is that of the well known 
Hartley oscillatory circuit associated with a 
coupled circuit. 

For Interrupted Continuous Wave transmis- 
sion, the valve oscillations are interrupted by 
making and breaking the grid and anode circuits 
at audible frequency by means of a rotary inter- 
rupter mounted on the shaft of the motor- 
generator and revolving at the same speed as 
that machine. In operation, the oscillations 
generated by the valves are interrupted at a 
frequency determined by the speed of the motor- 
generator and the number of insulating segments 
in the rotary interrupter. 

For Continuous Wave transmission the 
brushes of the interrupter are short-circuited by 
a switch. 

Test Results. — The valve equipment has 
proved eminentlv satisfactory as regards re- 
liability, facility of operation and transmission 
range ; experience has shown that 1/16 power is 
sufficient for the major portion of the traffic re- 


quirements of the Station. 

On test, the flank Stations at Portpatrick and 
Fishguard reported a definite increase in signal 
strength over the old Spark signals, and it is 
generally agreed by other Stationsthat the Inter- 
rupted Continuous Wave transmission is very 
sharply tuned and that the note is clear and 
steadv. With 1/16 power in use satisfactory 
tests with crystal reception have been obtained at 
sea ranges of over 150 miles from Seaforth. 

Opinions from reliable sources are generally 
in agreement that a definite diminution in the 
interference to broadcast reception has resulted 
from the change-over from Spark to Interrupted 
Continuous Wave transmission at the Seaforth 
Station, especially in the case of receiving 
stations situated within one mile of the Station. 
In this connection it is of interest to note that 
Wireless Operators in vessels approaching the 
Port of Liverpool could formerly listen-in to 
the Liverpool Broadcast Station's programmes 
(GLV, 297 metres) and at the same time receive 
Seaforth's Spark signals on 600 metres, but since 
the change-over the closer tuning required for the 
reception of the Interrupted Continuous Wave 
transmission renders impossible the  simul- 
taneous reception of Seaforth's signals and the 
Liverpool broadcast. 

Development.—Following on the successful 
installation of the Valve Transmitter at Seaforth 
Radio Station, arrangements are in train for the 
general adoption of this type of Transmitter at 
all other Coast Radio Stations in place of the 
existing Spark Transmitters. This reorganisa- 
tion scheme will provide for 1} K.W. Trans- 
mitters at the Niton (Isle of Wight), Fishguard, 
Portpatrick, Cullercoats and North Foreland 
Stations, a 3 K. W. Transmitter at the Wick 
Station and, probably, two 6 K.W. Transmitters 
at the Land's End Station. 

Provision will be made for flank Coast Stations 
to have different note frequencies to avoid the 
possibility of confusion which might occur to 
ships stations receiving signals of equal strength 
from two Coast Stations having notes of the same 
characteristic and frequency. 

The installation of the new plant will involve 
the re-modelling of the Station buildings. The 
North Foreland Station is to be removed to a new 
site at St. Peters, Broadstairs, and at Cullercoats 
a new building is to be erected on the existing site. 
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The ‘“ Humber " Radio Station at Grimsby 
was removed to a new site at Mablethorpe on the 
6th December last; the new Station is equipped 
with a 14 K. W. Transmitter of similar pattern to 
that installed at Seaforth. It is hoped to give a 
descripion of the new Humber "' Station in a 
future issue of this Journal. 


It is interesting to recall that the last compre- 
hensive re-organisation of the Coast Radio 
Stations took place over 15 years ago and was 
described in an article by Messrs. E. S. Perrin 
and F. W. Davey, published in Volume 6, Part 4 
(Jan., 1914), of this Journal. 
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A BRIEF REVIEW er SeME ФЕ THE RECENT ADVANCES IN PHYSICS. 
W. G. КАюшү, B.Sc. (Hons.), A. M. I. E. E. 


NEW DISCOVERIES. 

Ү the year 1895 a certain degree of 
B completeness had been given to the 

edifice of physics. А perfectly satis- 
factory explanation had been found for the 
great majority of phenomena which had been 
observed in the laboratory. Following on the 
experiments of Faraday, Maxwell had deve- 
loped a theory of light which, by presenting a 
value for the speed of the imagined electro- 
magnetic waves determined exclusively from 
measurements upon magnetic and electric fields, 
had united at one swift stroke two hitherto sepa- 
rate branches of physics. Newton’s old corpus- 
cular theory of radiation seemed to have passed 
finally into the limbo of forgotten things. As 
far as we could see, everything was in order. 
But our vision was limited by the microscope. 
And in that same year Rontgen, looking for 
some form of radiation which should have a 
greater power of penetration than visible light, 
discovered X-rays. A year later and Henri 
Becquerel had made the discovery of the curious 
property of radio-activity in uranium and its 
compounds. 

The tools which these two discoveries put into 
the hands of modern scientists have led to great 
and amazing advances in our knowledge of 
matter. And very much of the new knowledge 
—both of matter and of radiation—has proved to 
be incapable of explanation in terms of the old 
familiar theories. Ideas have had to be revised. 
In more ways than one, new facts which have 
come to light have necessitated a revoiutionary 
change in outlook. 

During the same period immense technical 


advances in the art of communication—the appli- 
cation of the thermionic valve to both cable and 
radio circuits to take only one example—have 
absorbed the full attention of the telephone engi- 
neer, and have left him little opportunity to keep 
abreast of those rapid developments in риге 
science on which the whole art of engineering is 
ultimately based. Perhaps, therefore, a very 
brief sketch of the broad outlines of modern 
development may be of interest to readers. 


New Toots. 

(i) The X-ray Method. The principal 
significance of Rontgen's discovery lay in 
the fact that it was to provide a means of 
vision which should enable us to see greater 
detail in the structure of matter. During the 
lapse of more than two hundred years that had 
passed since its invention, the compound micro- 
scope had been perfected almost up to its theo- 
retical limit. This is such that, using ordinary 
light, we can never hope to distinguish by its aid 
the shape of a body much smaller than a wave 
length of light, t.e., about . 0005 millimetre. 
The wave-length of the rays emitted by an X-ray 
tube with a tungsten target are approximately 
1/5000 of this, that is, of the same order as the 
size of atoms. An X-ray microscope is not yet 
available; but suppose a piece of material to be 
irradiated by a beam of X-rays. Each atom 
will act as a scattering centre for the X-ray waves 
falling upon it. We cannot detect the waves 
scattered by a single atom. However, if there is 
any regularity about the arrangement of the 
atoms throughout the body of the material, along 
certain directions for rays of one definite wave 
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length waves scattered. by a large number of 
atoms will be in phase with one another. They 
will then reinforce. each other and produce а 
reflected ray of such intensity that it can be de- 
tected on a photographic plate. The principle 
is exactly the same as that emploved by the ex- 
perimenter with visible light, when by means of 
a closely ruled grating he splits up a beam of 
light into its spectral colours. If now, instead 
of employing a heterogeneous beam of X-rays of 
all wave lengths, we arrange that the beam shail 
contain rays of one wave length only (A), reflec- 
tion will not take place unless certain critical 
relationships are fulfilled. These are such that, 
if the atoms be arranged on a regular series of 
planes distant d apart, both incident and reflected 
rays must make with these planes an angle Ө 
which satisties the equation, 
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n being апу whole number. 


analysis has proved to be wonderfully useful. 
Not only can it be applied when the material is 
in the form of a single crystal; it vields results 
whenever there is the slightest regularity about 
the structural arrangement, even if each separate 
element of regularity is ultra-microscopic in size. 
Fig. I. for example, is a reproduction of an X-ray 
spectrogram taken in the Research. Section from 
carbon granules out of a telephone transmitter. 
Contrary to time-honoured ideas this carbon is 
not strictly amorphous, that is, without the ele- 
ments of a crystalline structure. The fact that 
N-ravs of one wave-length were reflected from it 
more strongly at certain angles than at others re- 
veals that it has a definite structural pattern. 
And this pattern is the same as that of graphite, 
because the angles at which reflection occurs are 
the same for the two materials. The result ob- 
tained when graphite is substituted for the car- 
bon granules is shown in Fig. 2. [t will be seen 
that the reflections correspond, though the pat- 
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This at once gives us a means by which we are 
able to interpret the arrangement of groups of 
atoms traversed by a beam of N-ravs, almost as 
exactly as if we had an X-ray microscope. 
Instead of guessing the internal arrangement of 
its atoms from the outward form assumed by a 
crystal, we find ourselves able to measure the 
actual distance from atom to atom. 

The original experiments were made at 
Munich by v Laue seventeen ears after the 
first discovery of N-rayvs. Very much of the sub- 
sequent development of the method is due to Sir 
William and W. II. Bragg. This method of 


tern obtained on Fig. Lis very much more ill- 
detined, and only just beginning to appear as it 
were. This is explained very perfectly by the 
faet that the homogeneous fragments of graphite 
crystal in the amorphous granules are still ex- 
ceedingly minute. 

To the metallurgist the method of Xray analy- 
sis is invaluable. Deformation of the structural 
arrangement due to too vigorous cold-rolling or 
stressing, Abreing, or the effect of annealing in 
causing growth of the little elements of regularity 


all are revealed. Н enables him to follow an 


atomie re-arrangement taking place within a 
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metal as its temperature is raised. For instance, 
inaseries of experiments Westgren found that for 
an iron wire at ordinary temperatures the 
arrangement of the atoms was as in Fig. 3. He 
heated the wire to a temperature just over goo°C, 
and the atoms re-arranged themselves according 
to Fig. 4. Iron, when heated to a high tempera- 
ture, becomes non-magnetic. But we have not 
by chance stumbled on the secret of ferro- 
magnetism. The change in atomic structure 
cannot be made to explain the loss in magnetic 
properties. One does not take place until 200? C 
after the other with pure iron. Besides, al- 
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though iron at normal temperatures regularly 
crystallises according to the pattern shown in 
Fig. 3, nickel and cobalt, the other two strongly 
magnetic elements, are magnetic when found in 
the pattern shown in Fig. 4. At the most, both 
changes which occur when the iron wire is heated 
can only be the result of internal changes taking 
place within the atom itself. 

(ii) The use of Alpha particles. The interior 
of the atom has not been nearly so completely 
explored. Indeed, had it not been for Bec- 
querel’s discovery of the radio-active elements, 
the interior might have remained completely un- 
known right up to the present day, for radio- 
active elements are the source of alpha particles. 
And a vast amount of theory about the internal 
structure of the atom rests solely on the evidence 
of experiments which have been conducted with 
the aid of these fast flying particles. It is as if 
the advance guard of an army of discoverers 
having arrived at last before the walls of the 
atomic citadel Nature had handed out to them 
just the projectiles needed to batter down those 
walls and disclose what was inside. 

It was thought at first that the effect produced 


by radioactive compounds on a_ photographic 
plate held near them was due to their emitting 
some new kind of ray. They were firing off 
something of even greater value—positively 
electrified particles of matter with an_ initial 
velocity of over 10° cms. per second. Later, the 
mass of one of these particles was found to be 
equal to that of the helium atom, the electro- 
static charge carried by it to +2e.* Losing an 
alpha particle, a radio-active atom transmutes 
itself into an atom of the element lying two places 
further down the periodic table. Each atom of 
radium gives up five of these alpha particles be- 
fore it finally appears as lead; but so enormous 
is the velocity with which they are fired off that a 
single one of them is capable of producing a dis- 
tinct scintillation when it hits a phosphorescent 
screen. 

When alpha particles are fired into a gas, each 
one of them leaves behind it a trail of ionised 
atoms. If this takes place in a supersaturated 
atmosphere each ion formed will become the 
centre of a minute drop of water; so that when 
they are illuminated a photograph can be ob- 
tained of the track of the alpha-particle. Strik- 
ing photographs taken in this way show that 
the tracks of the great majority of the alpha 
particles are perfectly straight from beginning to 
end; but an occasional one will show an abrupt 
change of direction, just as if the flying particle 
had come into collision with some heavy mass. 
Not only will the alpha particle ordinarily take 
an undeviating course through hundreds of 
thousands of gas molecules, but more remarkable 
still, it will pass through thin sheets of metal foil. 
There is obviously only a very small part of each 
atom which is impenetrable to these swiftly fly- 
ing particles. The original experiments of Sir 
Ernest Rutherford along these lines established 
the amazing fact that the interior of the atom was 
mostly empty space. 

The fact that a certain proportion of the alpha 
particles which fell upon the metal foil were 
scattered through definite angles gave Ruther- 
tord some evidence of the size of the impenetrable 
nucleus. His latest estimate of the diameter of 
the nucleus of the lighter atoms is approximately 
5 x IO cms. When we remember that the 
diameter of most atoms is round about 107° cms., 
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or 20,000 times the diameter of the nucleus, the 
amazing emptiness ef the atom at once becemes 
apparent. 

The nucleus is positively charged. That this 
pesitive charge, measured as a multiple of the 
natural unit charge. is the same as the number 
of the place occupied by the element in the 
periodic table " was Moseley's splendid idea. 
It had been known fer seme time that the wave- 
length ef X-rays should be of the erder ef 107* 
er 107° cms. Тө construct a ruled grating with a 
spacing suitable fer the measurement ef such tiny 
wave-leneths was unthinkable. But it had just 
been shewn that the regular spacing of the 
atems in a crystal weuld act as such a grating— 
as we have already seen. This enabled Moseley 
te measure the wave-length ef the lines in the 
X-ray spectra ef a large number ef the elements. 
The simplicity and regularity ef the steps, as he 
went frem ene element te the next, gave him in- 
valuable evidence ef the correctness ef his theery. 
A great amount ef subsequent werk in every 
direction has gene to strengthen that theery. 
Under its guidance all the elements have fallen 
inte an ordered precessien which, extending 
frem hydrogen with unit nuclear charge te 
uranium with a nuclear charge ef ninety-two 
units, has now remaining enly twe vacant places. 
These cerrespond to the atomic numbers of 85 
апа 87. The atomic number has beceme of mere 
fundamental importance than the atemic weight 
ef the chemists. It specifies the positive charge 
en the nucleus, and the nuclear charge deter- 
mines all the chemical and electrodynamical pro- 
perties of the atom. 

Curieusly enough, Aston has recently shown 
that, expressed en the scale en which the atomic 
weight of exygen is 16, the atomic weights ef 
practically all the elements are whele numbers. 
The existence of an apparently fractienal atomic 
weight, such as that ef chlorine (35.46), is ex- 
plained by the fact that this gas is in reality a 
mixture of two isotopes, each having a nuclear 
charge of 17 units and exactly identical in 
chemical preperties but having atemic weights 
ef 35 and 37. All chemical methods, such as 
these employing diffusion, entirely fail to separate 
these twe isotepes. Asten’s method was to 
cause ienised atems ef chlerine to pass succes- 
sively threugh an electric and a magnetic field. 
Each ef these fields deflects the Aying atems, the 


deflectien given to each atom depending on its 
mass and also on the nett electrostatic charge 
carried by it. In this wav atoms with a mass of 
35 can be made to strike a phetographic plate at 
a different point frem those carrying the same 
charge but with a mass of 37. :\ston’s achieve- 
ment was net to measure the mean atemic weight 
of a mixture of thousands of millions of atoms. 
His apparatus recorded the weight of individual 
atoms. 

In the neutral atem of atomic number Z, the 
tetal pesitive charge on the central nucleus (Ze) 
is balanced bv Z electrons each carrying a nega- 
tive charge equal te —e. "The existence ef these 
electrons has been knewn experimentally since 
just befere the beginning ef the present century. 
Sir J. J. Themsen was their disceverer. He first 
ebserved their presence in a tube filled with a 
rarefied gas threugh which an electric discharge 
was being passed. It has since been shown that 
they can be coaxed eut ef all matter. They must 
therefore form a universal ingredient te every 
atom made up by Nature. This is revealed by 
experiment. 

An individual electren can be captured on a 
droplet of oil, or on a minute selid particle, and 
the amount ef its charge determined. Millikan, 
as a result of a series of most delicate measure- 
ments, gives this amount as 4.774 х 10 electro- 
static units. It never varies. It is the natural 
unit ef charge, and by cenvention is always de- 
noted by the letter e. When a magnetic feld 
is applied to a stream of electrons all meving 
with the same speed, the electrons are all de- 
flected to the same degree, which shows that they 
all have the same mass. This is practically 


equal to о x 10778 grammes, which is about 
1840 


of the mass of the hydrogen atom—the lightest 
atom known. | 

It would take about one thousand million 
million iren atems to make up a grain of dust 
just visible to the naked eye. If we were to con- 
struct a scale model of ene of those iren atoms as 
big as the deme of St. Paul's Cathedral, we 
should still have some difficulty in finding the 26 
electrons which are disposed somehow in the 
empty space about the nucleus. They would 
still be scarcely as large as pin-heads. The 
capture of one of those electrons and the accurate 
measurement of its charge and mass has been 
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one of the most brilliant achievements of 
twentieth century science. 


New PROBLEMS. 

The existence of the electron is a defi- 
nitely proved experimental fact; its mass 
and charge are known with a high degree of 
accuracy. So, too, has experiment more or less 
definitely established the fact that the space 
occupied by the atom is almost entirely empty. 
The disposition of the electrons within that 
emptv atomic interior is a problem which has 
given a considerable amount of trouble to phy- 
sicists. Even now all is still conjecture. It is 
comparatively easy to fire alpha particles through 
atoms and prove that they are mostly empty in- 
side, or even to tear atoms to pieces in an electric 
discharge and so discover their constituent parts. 
It is when an attempt is made to fit the parts 
together again that the dispute arises. What is 
needed is not merely an advance in present 
technique, but another discovery opening up 
completely new ground, as did that of Laue. 
And the principle of the new discovery must be 
that of an ultra X-ray microscope—possibly one 
working on a high speed cinematograph 
principle that will not only reveal to us the exact 
positions of nucleus and electrons, but also their 
relative motions. 

For it seems highly probable that the electrons 
are in rapid rotation round the nucleus. They 
cannot readily be imagined to be at rest. If 
they were, the force of attraction between unlike 
electric charges would rapidlv cause the tiny 
negative electrons to fall into the more massive 
positive nucleus. Of course, we may assume 
that at the very small distances which exist within 
the atom the ordinary laws of electrostatic attrac- 
tion and repulsion no longer hold. But many 
experiments, such as those performed by Ruther- 
ford, tend to the conclusion that at distances very 
much less indeed than the diameter of the atom 
the inverse square law of repulsion is perfectly 
valid. More acceptable is the idea, that the 
electrons rotate, and that the force of attraction 
which would draw them inwards is just balanced 
by centrifugal force acting outwards. Indeed, 
the idea of a very minute sun and planets system 
—the nucleus, a sun around which the electrons 
planet-like run their courses—is very alluring. 
Unfortunately, the laws of electromagnetic radia- 


tion forbid it. According to these laws radia- 
tion of energy continually goes on from an 
accelerated electrified particle; and how then is 
the electron to continue giving out energy with- 
out slowly depleting its own store and spiralling 
its way to rest in the nucleus? If he is left with 
no more than the classical ideas of radiation to 
help him, the dilemma of the physicist is com- 
plete. 

Here it becomes necessary to say a few words 
about that same subject of radiation ; but only to 
point out that the idea that light consists of a 
wave motion is not sufficient to explain all the 
phenomena that are known of it to-day. In the 
year 1900 Planck published the results of his 
researches on the character of the radiation with- 
in an enclosed cavitv. His results could not be 
explained in terms of the wave theory. They 
were entirely foreign to it. It was as if radiant 
energy of any frequency v were concentrated into 
little packets, or units, of magnitude hv, һ being 
a constant; and that these little packets were 
emitted, journeyed through space and were 
absorbed entire. Such was Planck's suggestion. 
It had nothing to recommend it to a generation 
of scientists who had witnessed a series of 
beautiful and striking experiments founded on 
the wave theory as their basis. It has nothing 
to recommend it to-day, except the fact that it is 
apparently true. For it is the only explanation 
there is to offer for an ever increasing number 
of phenomena, which range from the law of 
action of the feebly illuminated photo-electric 
cell to the peculiar character of the emission from 
the target of an X-ray tube bombarded, with elec- 
trons at tens of thousands of volts. Disguised 
as fast flying quanta Newton's light-bearing 
corpuscles have made their re-appearance. But 
the new quantum theory involves the wave 
theory at its root; for the magnitude of the little 
packet of energy which is shot through space is 
h multiplied by its frequency, and the frequency 
is the speed of light divided by a wave-length. 
Thus have the two prevailing ideas of radiation, 
so apparently contradictory the one to the other, 
become inextricably interwoven. 

This little digression on radiation is justified 
by the fact that there is something very character- 
istic about the radiation given out by excited 
atoms. It is restricted to certain definite fre- 
quencies, giving the familiar series of bright 
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lines in the spectrum. Апа it does not matter 
whether this radiation has its source in the ex- 
perimenter’s laboratory or is flashed across 
millions of miles of space from the stars, the 
intricate pattern of glowing spectral lines 
peculiar to any particular element remains un- 
altered. For many of the elements these lines 
have been found to fall into groups. Апа some- 
times a very simple numerical law can be found 
connecting together all the lines in a group. 
Balmer measured the wave-length of a number of 
lines in the spectrum of hydrogen, and found 
that the frequency of the radiation corresponding 
to each of these lines could be expressed bv the 
formula: 


where п, equals 2, and n is given one of the whole 
number values 3, 4, 5, 6 . .. etc., R being a 
constant. 

Is it possible that the whole secret of the 
arrangement of the nucleus and the electrons 
within the atom may be revealed through an 
intricate pattern of spectral lines recorded on a 
photographic plate? It seems very probable. 
For the whole of our modern ideas of atomic 
architecture—of microcosmic solar systems in 
which each electron traces out а definitely 
assigned orbit—dates from 1913, when Nihls 
Bohr, of Copenhagen, discovered a way of inter- 
preting spectra. 

Bohr’s interpretation was based оп three 
assumptions. They were :— 

(i) That within the atom electrons can cir- 
culate in closed orbits without radialt- 
ing energy at all. 

(ii) That an electron can only circulate in a 
limited number of orbits permitted by 
certain conditions. The condition 
usually quoted is that the orbit must 
be such that the angular momentum of 
the electron in it is an integer multiple 


of he Thus for a given atomic 
2 

system, a series of energy values Е, 
E., E, alone is possible, each 
energy value corresponding to one of 
the permitted orbits. 

(ui) That when an electron jumps from an 
orbit in which the energy value of the 


svstem is E to another in which the 
energy is E,, E, being less than E, it 
radiates an amount of energy equal to 
E — E,; and the frequency of the 
radiation is given by :— 


hy SB Еу ни (3) 


These were Bohr's assumptions. The fact that 
the model of the atom, which he has constructed 
on them, has proved remarkably successful in a 
certain limited field has caused them to be widely 
accepted. But, if anyone could think of a reason- 
able explanation why an electron should only be 
able to rotate in certain orbits and not in others, 
or why, for that matter, it should be able to rotate 
at all without radiating energy, the present day 
atom model would be immensely fortified. 

Let us look for a moment at the model con- 
structed by Bohr for the atom of hydrogen 
(Fig. 5). Hydrogen is the first element 


РУ) 


Fic. б. 


in the periodic table. Its nucleus carries 
a positive charge of one unit, so that one 
electron only is needed to complete the 


atom. Suppose that this electron, of mass 
m and charge — e, is rotating with a 


velocity v in a circular orbit of radius r. The 
kinetic energy of the electron is mes. Reckon- 
ing the potential energy of the electron when it is 
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completely removed from the atom as zero, its 
potential energy when it is at a distance r from 
2 
. € ^p 
the nucleus is equal to — —. Therefore the 
7 


total energy (E) is given by :— 


Bv equating the centrifugal force to the 
electrostatic attraction we have, 


e? mv? 
„C iih edipi) (5) 
So that, 
2 
| X em (6) 
2r 


Again, from Bohr’s second assumption the 
angular momentum of the electron is equal to 
nh 
ius 


.. ammer=nh 


where п is a whole number. It is termed the 
quantum number of the orbit. 


With (5) and (6) equation (7) gives :— 


2п?те* І 


Е = 


h? n? 

Suppose now that the electron returns from an 
orbit of quantum number n to another orbit, 
nearer the nucleus, of quantum number n. The 
difference in energy between the two states of 
the atom is given by :— 


E — E, = 


But by Bohr's third hypothesis this difference 
of energy is radiated away from the atom as 
energy of frequency v, where 


hv = E-E, 


27те" І I ) 
v= a р р) te (то 
һ n, n 


If п, is put equal to 2, and n to 3, 4, 5. 
etc., a striking similarity is at once apparent 
between the form of this equation and Balmer's 
experimental formula for the frequency of the 
‘lines in the hydrogen spectrum, given at (2). 


so that, 


TOOLS, NEW 


PROBLEMS. 


But this is not all, nor the strongest evidence for 
Bohr's assumptions. The value of each one of 
the constants on the right hane side of equation 
(1e) outside the bracket had been previously 
determined. If these values, for e, h, m, etc., 
are inserted, the new constant formed agrees 
almost exactly with Balmer's experimental con- 
stant R. Again, if n, is put equal to 1, 3 or 4, 
new series of spectral lines should be obtained. 
And these have actually been found. They had 
been overlooked because one, the Lyman series, 
lies right out in the ultra-violet and the other two 
in the infra-red part of the spectrum. 

Not for all the elements will Bohr's scheme 
predict so simplv the results to be expected from 
experiment. Many of the heavier atoms with 
whole families of electrons surrounding the 
nucleus have proved quite unamenable to calcula- 
tion. Nor indeed does the scheme unmodified ex- 
plain such phenomena as are observed, for 
instance, when the radiating atoms are subjected 
to a magnetic field. To explain these and other 
facts of experience mathematical theorists have 
elaborated and embellished the scheme, until 
some of their hypermysterious specifications for 
the atom remind one irresistibly of the recipes 
of the old alchemists. 

But, while this strange and yet fascinating idea 
of Nature arranging on the smallest possible 
scale solar systems of the same pattern as our 
own big one is still unproved by direct experi- 
ment, it is as well to emphasise again what is the 
sum of the definite new knowledge added to our 
store during the past two or three decades. The 
electron and the nucleus have both been estab- 
lished as definite physical realities. Experiment 
has shown that the nucleus of any atom has a 
mass which is an integral multiple of the mass 
of the nucleus of the hydrogen atom. In order 
to build up the nucleus of any atom we need only 
two different kinds of bricks—protons, which are 
the nuclei of hydrogen atoms, and electrons. 
Then again much recent work on the measure- 
ment of critical potentials has shown that there 
exist within the atom different energy states; 
such as, when we turn to theory, we associate 
with the orbits in Bohr's model. Lastly, 
Planck's constant, '' h, mysterious and enig- 
matic, has taken its place as a eefinite physical 
constant called for in the expression of physical 
reality, and to become as familiar in the future 
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as is Newton's “ g " to-day. There have been 
giants in the land of physics in these days. 
* * * * * * 

Yo the engineer, as well as to the physicist, 
the progress of discovery should be of thrilling 
interest. For where the experimental physicist 
stands to-day the engineer will probably be estab- 
lished to-morrow. True, the smallest piece of 
material which even the telephone engineer has 
to deal with consists of millions and millions of 
atoms, his smallest amount of energy to many 
billions of quanta. But our whole conception of 
the action of the photo-electric cell depends upon 
the new-born quantum ideas of radiation. And 
it seems as if the communications engineer of the 
future will be very profoundly interested in 
the action of the photo-electric cell. Again, 
although many of the properties which the en- 
gineer recognises in his materials, such as 
strength or elasticity, are not the properties of 
individual atoms; some, which are the electrical 
engineer's most vital concern, do appear to be 
the properties, if not of single atoms, at the most 
of very small groups of atoms. Magnetism is an 
example. We know practically nothing about 
the real physical nature of the change that takes 
place in a steel bar when it is magnetised. By 
alloying nickel and iron together Elmen chanced 
upon a material, permalloy, which in feeble 


-r 
-r 


magnetic fields is tremendously more magnetic 
than either of these metals alone. There may be 
other alloys which will give equally startling 
properties. To the metallurgist who would set 
out to investigate them one by one the possible 
number of alloys becomes absolutely over- 
whelming. Did we but know what it is that 
makes all the difference between atoms of the 
three succeeding elements, iron, cobalt and 
nickel, and those of every other element, it would 
perhaps be possible to prepare an alloy having 
any desired magnetic properties to specification. 
This is only one problem. By loading the con- 
ductors with a wrapping of permalloy tape we 
have seen the speed of an Atlantic cable increased 
fourfold. But the real problem of the cable— 
that of the dielectric—remains unsolved. Апа 
the study of the properties of matter in a feeble 
electric field is practically an unexplored country 
for the physicist. 

To-day the whole realm of physics is strewn 
with unsolved problems. But, looking back 
only to the beginning of the century, one cannot 
but be impressed by the confidence and success 
with which the scientist of to-day attacks prob- 
lems which then would hardly have been thought 
capable of solution. It is by the solution of some 
of these problems that revolutionary changes in 
the art of engineering may be brought about. 
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HISTORY OF THE POST OFFICE 
ENGINEERING DEPARTMENT. 


” | AHE Council of the Institution has had 
under consideration the question of 
arranging for the compilation of a 

History of the Post Office Engineering Depart- 

ment, but came to the conclusion that it was not 

possible to undertake such a task at the present 
time. The Council feels, however, that it would 
be very unfortunate if information of historical 
value which is at present available should be lost 
merely through the lack of any organisation for 
the collection of such valuable literary material. 

The Council wishes to announce, therefore, that 

it has decided to arrange for the filing and in- 

dexing of any memoirs or information of his- 
torical value which mav be offered to the Institu- 
tion. 

'The period in regard to which information is 
most valuable is that preceding the publication 
of the I.P.O.E.E. Journal, i.e., prior to 1908. 

Any document of the nature referred to which 
is considered of historical value, or any notes on 
any particular question of historical interest will 
be gladly received by the Secretary, of the Institu- 
tion, Dr. R. V. Hansford, E.-in-C.O., G.P.O. 
(Alder House), London, E.C.r. 


THE POST OFFICE (LONDON) 
RAILWAY. 

This tube railway, some 61 miles long, extend- 
ing from the Eastern District Post Office in the 
east to the Paddington District in the west, has 
been constructed with a view to accelerating the 


letter and parcel service and at the same time to 
relieve to some extent the street traffic congestion 
in the neighbourhood of the busy offices. In 
addition to the terminal stations, connections are 
made with Liverpool Street Station, King Edward 
Building (G.P.O.), Mount Pleasant, Western 
Central Office, Western District and Western 
District Parcel Post. It is the intention to ex- 
tend the system later northwards from Mount 
Pleasant to the Northern District Office and to 
the main northern railway stations at Kings 
Cross, St. Pancras and Euston, while towards 
the south a loop line will run from King Edward 
Building to London Bridge Station, thence via 
the South Eastern District Office and Parcel 
Office to Waterloo Station and on to the South 
Western District Office, from which the line run- 
ning north-easterly will join the main line at the 
Western Central Office. 


The whole of the operation of the trains is 
automatic, starting and stopping control being 
effected from switch cabins at each station; no 
drivers are required. The rolling stock consists 
of steel motor wagons, made up into trains of 
two or three wagons, each wagon being capable 
of carrying.a load of half a ton. The electrical 
equipment of the wagons consists of two 22-H.p., 
440 volt D.C. series motors, in parallel, and a set 
of electrically operated braking equipment and 
reverser. The motors are energised in the usual 
way from the conductor rail. 


Major H. C. Gunton, Principal Power En- 
gineer, who, in conjunction with Mr. H. H. 


Dalrymple-Hay, Sir John Snell and Mr. A. M. 
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Sellar, Consultants, has been responsible for the 
construction and equipment of the railway, will 
furnish our readers with a full technical descrip- 
tion in our July issue. 


In the Journal of the Franklin Institute for 
December, 1927, H. Nakamoura, of the Research 
Laboratory, Tokyo Electric Coy., Ltd., passes 
** Some Criticisms on Electric Resistance and its 
Derivative." There are confusions, he says, 
between electric resistance and differential electric 
resistance. In one case resistance means original 
electric resistance and in another case it means 
differential resistance. In the paper he discusses 
distinctions between them and concludes as fol- 
lows : (1) Ordinary resistance is a mere quotient 
of the instantaneous value of the component 
which is in phase with current of the potential 
difference of any two points to the instántanous 
value of the current passing through these and 
has no vectorial sense. Differential resistance, 
however, is the first partial derivative of the 
former with respect to the latter and has sense 
and magnitude. (2) Wheatstone Bridge and its 
varieties, unless balancing the galvanometer or 
telephone circuit by constant equipotential, 
measure the differential resistance and not the 
ordinary one. (3) Alternating current bridge 
generally measures differential effective resist- 
ance. When the current is small or its effective 
resistance, differential effective resistance numeri- 
cally approaches to ordinary effective resistance. 

The Director of the U.S. Bureau of Standards 
communicates interesting notes on the Seventh 
International Conference on Weights and 
Measures (held at Paris last September) in the 
same issue of the Franklin Institute Journal. 
The United States delegates were hopeful that 
the conference would adopt a definite relation be- 
tween the yard and the wave-length of light, or 
between the yard and the metre. It appears that 
a different relation is used in this country and in 
the U.S.A., the difference between the British 
and American yard being of the order of a few 
millionths of an inch. Even such a small 
difference is of importance in the manufacture of 
precision. tools. It was agreed that the two 
countries should settle the matter between them. 
The question of the dimensions of electrical units 
received considerable attention, When the in- 


ternational units were adopted, certain kinds of 
concrete standards were accepted as a means of 
maintaining the values of the units, such as a 
column of mercury of specified dimensions for 
the ohm and a voltameter in which the amount 
of silver deposited in a second by a current is 
used as a measure of the ampere. We now 
know that the international ohm is one-twentieth 
of т per cent. too large. In order to advise the 
international committee as to whether the old 
value of the ohm should be maintained or be 
adjusted to accord with mechanical measure- 
ments as originally intended, a special technical 
commission of ten members, including represen- 
tatives appointed by the several national labora- 
tories, was appointed to report by March, 1929. 


Annales des Postes, Télégraphes et Telé- 
phones, of January, 1928, contains among other 
interesting subjects the following articles : — 

The adaptation of the French system to the 


universal telephonic service, by H. Milon, 22 


pages. 

Search for an international s-unit Telegraph 
alphabet, by E. Montoriol, 7 pages. 

Belt Convevors in Central Telegraph Office, 
Paris, by Jean Jacob, 15 pages. 

The February number contains the following 
articles : — 

Aerial Post, by M. Lebon. Seventeen pages 
with three maps, showing routes of French lines 
in Europe, proposed routes in France and the 
connection of French routes with other European 
routes. 

The choice of a single type of apparatus for the 
international telegraph service, bv E. Montoriol, 
14 pages. The author advocates the use of the 
Baudot system with Quadruple simplex, Triple 
duplex and Sextuple simplex, according to traffic 
needs. 

The connection of underground and aerial 
sections of telephone lines, by Marcel Moine, 28 
pages. 

The characteristics of transmission on long 
distance cables, by Kupfmuller. (Translation 
from an article which appeared in the Ewuro- 
paischer Fernsprechdienst of July sth, 1927), 33 
pages. 

An important article оп New Preservatives 
for Telegraph Poles appeared in the Telegraph 
and Telephone Age of the 16th December, 1927. 
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The article describes the results of experiments 
carried out by Dr. L. P. Curtin, chemist of the 
Western Union Telegraph Coy. The new pre- 
servatives developed by Dr. Curtin are founded 
upon an entirely new theory of wood preserva- 
tion, and are claimed to be more permanent in 
the wood than any materials previously em- 
ployed. They are inorganic salts, non-volatile 
and insoluble as limestone. The foundation of 
the developments lies in the discovery that the 
fungous organisms most active in rotting wood 
evolve acidic substances. This property has 
been utilised to bring into solution toxic salts 
insoluble in water and ordinarily inert. When 
brought into solution by the fungous acids, the 
materials become fatal to the fungus. The 
action is the same as that of paris green, lead 
arsenate, etc., in poisoning insect life. Several 
treatments based on this discovery have been 
tested, the most promising being the Zinc 
Arsenite treatment. Zinc chloride has already 
been used for preserving purposes and arsenic 
has long been employed in the manufacture of 
insecticidal compounds, but the combination of 
zinc-arsenic is new and its toxicity is higher than 
either creosote or zinc chloride. "The solution is 
made by dissolving the chemicals in water and 
when ready for use is clear and nearly colourless. 
It is used cold and penetrates the wood nearly 
twice as easily as creosote, while leaving the 
timber practically unchanged in appearance. As 
soon as the treated wood is exposed to the air, 
the evaporation of the solution brings about the 
necessary chemical changes and precipitates the 
solution within the wood, where it remains in- 
soluble and permanent. It is immune to loss 
from all weathering influences, but is ready to 
put an end to any infection or fungus spores that 
may appear. One of the outstanding character- 
istics of this solution is that it is not corrosive to 
steel treating equipment; in fact, the solution 
seems to be a definite inhibitor of corrosion. 


Compounds of copper with arsenic have also 
been used, but these copper solutions are corro- 
sive to steel and leave the wood light green in 
colour. Another substance, which operates on 
a different principle than either the zinc arsenite 
or the copper arsenic compounds, is barium 
carbonate. Inasmuch as the fungi produce 
acidic substances they can exist only in acidic 
environment. Barium carbonate, being alkaline 
in nature, tends to neutralise any acids with 
which it comes in contact and if present in wood 
in sufficient concentration it will completely 
neutralise the acids produced by fungous organ- 
ism and thus make it impossible for the fungus 
to live. The treating solution is a clear, colour- 
less water solution of barium hydroxide which 
penetrates wood with great ease. On exposing 
the treated wood the carbonic acid of the air con- 
verts the soluble barium hydroxide to insoluble 
barium carbonate, precipitating the latter within 
the wood structure where it will remain in- 
definitely, non-volatile and insoluble in water. 

Results of the tests are given in the article and 
also descriptions of the treatment methods and 
plant. It is claimed that the Zinc Arsenite treat- 
ment costs only one-fourth of the creosote treat- 
ment, and also reduces the weight and being 
clean simplifies handling. The poles so treated 
can be painted with ordinary paints and can thus 
be used in city streets without risk to passers-by. 
Wood so treated will not support combustion and 
does not increase in electric conductivity. 


Owing to the limited accommodation at our dis- 
posal, the Board of Editors is compelled to 
announce that single copies of Journals up to 
Vol. XIX. cannot be supplied after December 
31st, 1928. А number of copies will be retained 
to make up volumes for sale, but it is regretted 
that only a few complete sets of volumes will be 
available, as several issues have been entirely 
sold out. 
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| New 
Byfleet des 855 .. (| Manual 700 
Camberley a 525 "ME T 260 
Canford Cliffs 2 ses d » 820 
Hornchurch ts DT | » 880 
Valentine | 55 1500 
Manual 
Ealing e E se d Extn. 2050 
Hatch End > өз 9 5 300 
Margate 158 sis Be n " 820 
New Cross - f $5 900 
Northwich is ils » 180 
Old Swan (L vpl. ) i 1050 
Port Talbot " ue 9565 v 300 
Speedwell E sis ЕЕЕ E 2480 
Sydenham PA 400 
Tandem ө tee ate Á — 
"Wallasey 875 єз - p 3620 
Willesden -— 3 qs 55 1700 
Woolwich dst 885 525 33 480 
Worthing si А RA $5 860 
Armstrong Siddeley a m P.A.B.X. 125 
Dunlop Rubber 9255 : 2; 20 
Halifax Corporation 2 ; 50 


Pearson Dorman & Long (B) ' Modfcns. 


Pearson Dorman & Long (Sì " 40 
Southport Corporation 35 100 
St. Helen's Corporation Е 80 


A. very successful gathering took place at the 
Manchester Hotel on Tuesday evening, 3rd 
January, in connection with the second annual 
dinner and dance of the Headquarters Equip- 
ment Section Swimming Club. 

Altogether 96 members and friends assembled, 
being welcomed on arrival by the President, 
W. J. Bailey, Esq., and Miss Bailey. 

At the conclusion of an appetising menu the 
toast of the King and Royal family was loyally 
responded to and was followed by toasts of The 
Club; The Visitors; The Committee; The Hon. 
Photographer; The Hon. Secretary, Mr. G. 
Brown; the Ladies and the Gentlemen. 

Mrs. G. Brown graciously presented the prizes 
which had been won by the following members 
after а keen competition: 


44 Y ds. Handicap. 
ist, Mr. Hollinghurst, a cigarette case. 
2nd, Mr. S. D. Hull, case ef knives. 
зга, Mr. S. J. Husband, book on gardening. 


Diving. 
ist, Mr. J. Reading, pipe. 
2nd, Mr. Н. А. Ashdown, egg boiler. 
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3rd, Mr. M. C. Cooper, Eversharp pencil ; 
and Mr. S. A. Waters, jam jar. 


Novices’ Race. 
Mr. R. W. Sawyer, rose bowl. 


Two violin solos were pleasingly rendered by 
Mr. L. V. Gorman, who also acted as M.C. for 
the dance which followed and lasted until mid- 
night. The orchestra carried out its duties very 
ably and responded to repeated encores. 

The Swimming Club, apart from its beneficial 
effects to the individual member and its encour- 
agement of the acquirement of a most useful art, 
has developed the sporting spirit in its best sense 
and has been the means of facilitating social life 
and intercourse outside official hours of duty and 
during the summer organised a_ pleasurable 
healthgiving outing to the Surrey Hills. 

Professor Jarvis has been appointed Instructor 
and swimming practice is held summer and 


winter on Wednesday evenings, at the West- 
minster Baths, Great Smith Street. 


It is suggested that other Sections might well 
follow their lead. 


ONE HUNDRED AUTOMATIC 
EXCHANGES. 

With the opening of Armley Exchange in the 
Leeds Area on Saturday, roth March, 1928, the 
number of public Automatic Exchanges brought 
into service in Great Britain reached a total of 
100. A list of the exchanges in the order of 
opening is given below. 

(In the case of Hereford, which appears twice 
in the table, the original Lorimer installation has 
been replaced by Messrs. Siemens No. 16 type 
equipment). 

It will be seen that initial multiple capacity has 
been provided for 179,36e lines with an ultimate 
capacity of 257,915. 


Multiple 
Exchange. Contractor. n Capacity. 
Initial. Ultimate. 
1 Epsom ... iz РАЯ aes A.T.M. Co. 18. 5.12 IIOO | 1500 
2 | Hereford (see later entry 2a) Lorimer 1. 8.14 — | == 
3 | Darlington is W.E. Co 10.10.14 1200 2800 
4 Accrington A.T.M. Co. 13. 3-15 1200 i 1500 
5 i Chepstow A.T.M. Co. 7. 715 200 | 200 
6 Newport ss 955 т А.Т.М. Со. 14. 8.15 2боо | 3500 
7 Portsmouth ese vas Y A.T.M. Co 29. 4.16 5200 7000 
8 Paisley A.T.M. Co. 15. 7.16 1700 | 2боо 
9 Dudley "s si baie W.E. А 9. 9.16 і 800 1600 
10 Blackburn эз 588 кз А.Т.М. Со. 14.10.16 3400 | 4400 
11 | Leeds A.T.M. Co. | 18. 5.18 9600 15000 
12 Grimsby Siemens 14. 9. 8. | 3000 3300 
13 | Stockport Siemens 23. 8.19 2400 ; 2400 
14 Ramsey Siemens 24.10.21 80 80 
15 Hurley Siemens 20.12.21 80 | 80 
16 Southampton Relay 15. 7-22 480 920 
17 Fleetwood Siemens 30. 6.23. 3500 і 5600 
18 Hadleigh A.T.M. Co. 16. 2.24 125 | 125 
19 Dundee га, С.Е. Со. 15. 3.24 4500 | 4500 
20 Broughty Ferry G.E. Co. 15. 3.24 600 1000 
21 Marton + А.Т.М. Со. | 22. 3.24 300 500 
22 Blockley A.T.M. Co. | 28. 3.24 25 50 
23 Swansea Siemens 9. 8.24 3500 5800 
24 Sketty Siemens g. 8.24 470 500 
25 York A.T.M. Co 15.11.24 1600 2000 
26 Risca A.T.M. Co 16. 6.25 100 100 
27 Cwmbran A.T.M. Co 16. 6.25 тоо тоо 
28 Kirkcaldy Siemens 27. 6.25 700 1400 
29 ; Torquay A.T.M. Co 31.10.25 2300 3000 
30 Paignton A.T.M. Co. 31.10-25 700 1400 
31 Chapeltown A.T.M. Co. 8.11.25 2100 2100 
32 ' Roundhay A.T.M. Co. 8.11.25 2100 2100 
33 | Headingley A.T.M. Co. 8.11.25 2000 2400 
34 Stanningley A.T.M. Co. 8.11.25 1000 1600 
35 Shrewsbury A. T. M. Co. 9. 1.26 1300 1800 
36 Hayling Island A.T.M. Co 13. 1.26 200 260 
37 Gosport A.T.M. Co 13. 1.26 боо | 800 
38 Ipswich A.T.M. Co 20. 3.26 2000 | 3300 
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Exchange. 


Contractor. 


Morriston 
Cheltenham 
West Hartlepeol 
Hartlepool 
Chesterfield 
Staveley 

Bedford 
Edinburgh 
Morningside 
Murrayfield 


; Newington 


Coventry 
Foleshill 
Cosham 
Oxford 
Gloucester 
Harrogate 
Sheffield 
Broomhill 
Sharrow 
Attercliffe 
Beauchief 


| Owlerton 


Ecclesfield 


! Woodhouse 


Oughtibridge 
Halifax 
Colwyn Bay 
Llandudno 
Burnley 
Hereford 
Wakefield 
Sandal 
Fforestfach 
Brighton 
Hove 

Preston 
Portslade 
Rottingdean 
Holborn 
Exeter 
Topshåm 
Hanley 


. Burslem 
| Longton 


Stoke-on-Trent 
Newcastle-u-Lyne 

Trentham 

Chesterton 

Southport 

Birkdale 

Churchtown 

Southwick 

Nottingham 

Arkwright 

Basford 

Sherwood Ра Ие ne 
Leicester (Advance portion)... 
Wigston di T 
Western Park 

Syston 

Bishopsgate 

Armley 


Siemens 
A.T.M. Co. 
Siemens 
Siemens 
Siemens 


Siemens 


S.T. & C. Co. 
Siemens 
Siemens 
Siemens 
Siemens 
G.E. Co. 
G.E. Co. 
A.T.M. Co. 
S.T. & C. Co. 
A.T.M. Co. 
G.E. Co. 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
S.T. & C. Co. 
Siemens 
Siemens 
G.E. Co. 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 


С.Е. Co. 


EEEF 
88800 
oo 


ъ > > Лр р р 1) 
[n] 
a 
n 


Siemens 
Siemens 
Siemens 
A.T.M. Co. 
A.T.M. Co. 


Multiple 


Date of Capacity. 
opening. 

Initial. | Ultimate. 
19. 6.26 300 | 500 
28. 8.26 1700 | 2800 
25. 9-26 1200 | 1900 
23. 9.26 200 | 300 
25. 9.26 1000 1800 
25. 9.26 100 | 200 
2.10.26 1500 2800 
2.10.26 9300 14600 
2.10.26 2500 4400 
2.10.26 1700 2900 
2.10.26 2100 3600 
20.11.26 3300 5400 
20.11.26 700 1000 
8.12.26 200 І 200 
11.12.26 2500 ; 2500 
12. 2.27 1500 | 3000 
26. 2.27 2900 | 5500 
5573.27 6300 | 9000 
5. 3.27 2800 3500 
5. 3.27 1800 2600 
B. 3.27 1000 1500 
5. 3-27 1200 1900 
5. 3.27 Зоо 1200 
5. 3-27 300 300 
5. 3.27 200 300 
5- 3-27 100 100 
18. 6.27 3400 4000 
9. 7.27 1400 1700 
9. 7.27 1200 2000 
20. 8.27 2300 3600 
IO. 9:27 800 1100 
15.10.27 1000 1800 
15.10.27 300 500 
29.10.27 100 200 
12.11.27 4700 6900 
12.11.27 4200 6200 
12.11:27 1000 1400 
12.11.27 400 600 
12.11.27 200 400 
12.11.27 9800 10000 
19.11.27 2100 3500 
19.11.27 200 400 
26.11.27 1300 2000 
26.11.27 1100 2200 
26.11.27 700 1100 
26.11.27 goo 1500 
26.11.27 700 1000 
26.11.27 200 500 
26.11.27 100 200 
3.12.27 3700 5400 
3.12.27 1600 2500 
3.12.27 1000 2000 
16.12.27 200 400 
28. 1.28 7500 14000 
28. 1.28 1000 1500 
28. 1.28 1400 2200 
28. 1.28 1200 3200 
18. 2.28 3400 = 
18. 2.28 400 700 
18. 2.28 300 400 
18. 2.28 300 500 
3. 3-28 8500 10000 
10. 3.27 700 1200 


A Ui aL ln md 
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THE LATE MR. W. BROWN. 


There are still many readers who remember 
Mr. William Brown, Head of the Telephone 
Section at Headquarters from 1901 to 1911, who 
was laid to rest in Highgate Cemetery on the 
1ith January last. Able references to Mr. 
Brown’s work and responsibility in connection 
with the establishment of telephone service with 
Paris—opened in March, 1891; with the acquisi- 
tion of the Trunk Lines by the Postmaster- 
General in 1896; with the introduction of Post 
Office Local Common Battery Exchanges; and 
finally in 1911 with the acquisition of the 
National Telephone Coy.'s plant—appeared in 
the Journal for Januarv, 1912, on the occasion of 
his retirement. His service with the Post Office 
commenced at the transfer of the Telegraphs to 
the State in 1870 when he was appointed tele- 
graphist at Newcastle-on-Tyne. In his junior 
position he soon began to show that close and 
continual application to work which distin- 
guished him throughout his life. He was 
chosen as a member of what was then known as 
the Local Special Staff, a group of officers 
selected on account of proficiency to attend on 
occasions when large volumes of telegraph work 
had to be expeditiously disposed of—at New- 
castle and elsewhere. He took keen interest at 
this early stage, in the electrical and mechanical 
principles and arrangement of apparatus with 
which he had to deal—at a time when information 
was not easy to obtain, and when few troubled 
about it. When in the course of a few years the 
telephone appeared he quickly became associated 
with the operation of the Post Office Exchange 
at Newcastle, which for a long period was a 
prominent feature of the system of the country. 
His marked ability in this duty at once won for 
him favourable notice and appreciation in the 


Engineer-in-Chief's Office at Headquarters, with . 


the result that in the early“ Eighties " he was 
called to London to join that Staff, and he re- 
mained upon it, latterly and for many years the 
head of that important branch of work, to the 
end of his official life. He threw himself with 
energv into taking his share in the administra- 
tion, working, and development of the Telephone 
System: a duty which at times placed a very 
heavy load of responsibility upon him. He was 
aided by a remarkably good memory, which 
made a master of detail in complicated svstems 
of telephone work and in their history. For 
extended periods he worked long hours daily. 
with little leisure even at week-ends—a devotion 
to duty which probablv did harm to his health, 
and contributed to his extraordinary susceptibility 
to frequent attacks of epidemic influenza. In 
whatever work he engaged, he secured the full 
confidence of those under whom, or with whom 
he served—successive Engineers-in-Chief, col- 
leagues of his own rank, and officers and men of 
all grades. He made friends all over the 
country. A trusted and genial friend himself, 
a real worker, thoroughlv informed and helpful, 
he was widely esteemed: and those who were 
intimate with him and survive him will cherish 
the memorv of his sterling qualities and remem- 
ber him with affectionate regard to the end of 
their lives. ЕС; 


We regret to announce the death, which 
occurred on Sunday, the 26th February last, of 
Mr. F. Н. Bailev, who, for many years was 
Executive Engineer, in charge of the E.-in-C.’s 
General Testing Branch, Studd Street Depót. 
Mr. Bailey, who retired at the age of 60 vears in 
1924, has suffered indifferent health for some con- 
siderable time, but the news of his dealh will be 
received with regret bv his manv friends and 
colleagues. 


J. M. G. TREZISE. 


AFTER completing his engineering education 
at King's College and being associated with the 
late Sir William Preece in the pioneer days of 
electric lighting, Mr. Trezise entered the Post 
Office on the rsth December, 1890, and thus 


completed 37 years service on his retirement on 
the 31st December, 1027. As showing the great 
developments during this period, his first em- 
ployment was in charge of a steam-driven electric 
light station capable of a maximum output of 


M.G. 
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(20 K.W. at 110 volts Direct Current, while the 
Headquarters sub-station at the date of his retire- 
nent had a full load capacity alone of 3000 kilo- 
watts, the input being at 11,000 volts three-phase 
so periods. 

Mr. TVrezise's ability was quickly recognised 
ind in June, 1891, he was transferred from the 
arge of the small station at the G.P.O. to be 
n charge of the Electrice Light and Power Staff 
it Mount Pleasant, from which date commenced 
us long and productive association with the late 
Mr. М. F. Roberts. Promotion to a second- 
class engineership came in November, 1897, after 
which he took rapid strides to first-class engineer 
n Jariuary, 1898, second-class technical officer in 
December, 1002, assistant-superintending-engi- 
wer in May, 1008, first-class staff. engineer in 
Jctober, 1000, and Superintending Engineer in 
charge of the Metropolitan. Power District in 
December, того, which appointment he retained 
intil the date of his retirement. 

During his stay at Mount Pleasant he was 
responsible under Mr. Roberts for the design of 


Mount. Pleasant and also the Savings Bank 
steam-venerating stations, of which the former 
was at that date the largest in the Post Office, 
and as large as many in considerable-sized towns. 
Having seen these developments, as well as the 
electric lighting and power equipment of the 
associated buildings, brought to successful com- 
pletion, he was transferred to the Engineer-in- 
Chief's Office in December, 1902, after which he 
was soon selected to accompany Mr. Roberts on 
a Continental tour of inspection of High-Tension 
Power Stations and Transmission Lines, which 
were in a more forward state of development than 
in Great Britain owing to cheap water power and 
the long distance to be covered. This tour was 
arranged to obtain information in connection 
with the projected Post Office Power Station on 
the river-side at Blackfriars. On his return in 
September, 1904, Mr. Roberts and himself re- 
ceived the thanks of the Postmaster-General for 
their report and recommendations, the soundness 
of which is shown by the fact that they were 
adopted and the Blackfriars Power Station was 
built and successfully operated for 15 years, 
when economic conditions and the development of 
large power stations necessitated closing it down. 

During these busy years Mr. Trezise found 
time to pursue his favourite hobby of Photometry 
and as early as 1896 had already produced an 
illumination photometer which was in advance of 
the time, and would bear comparison with many 
in use at this date; bv 1914 he had developed a 
photometer including a device which he patented 
for giving a clear and distinct screen which could 
be largely magnified without introducing errors. 
The intervention of the War prevented the ex- 
ploitation of this photometer, but it has not been 
improved upon to this day. 

During the post-war period Mr. Trezise has 
taken a large interest in the work of the British 
Engineering Standards Association апа has 
acted as the Post Office representative on many 
Committees. As evidence of the value of this 
work the Association has invited him to continue 
as Chairman in his personal capacity of those 
Committees for which he formerly acted in his 
official capacity. 

His authoritative knowledge of illumination 
was recognised by his selection by the Institution 
of Electrical Engineers to represent them on the 
National Illumination Commission of Great 
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Britain, a position he stil! holds and in which 
capacity he attended the International Commis- 
sion on Illumination at Geneva in 1924. 
Sufficient has perhaps now been said of Mr. 
Trezise’s technical achievements ; suffice it to say 
that as a man of a somewhat reserved and un- 
assuming disposition he was yet the staunch 
friend of those fortunate enough to gain his con- 


TREZISE, 


fidence, though he could be a doughty opponent 
when the necessity arose. 

Mr. Trezise is taking a well-earned rest in the 
South of France and Pvrenees for the benefit of 
his own and his daughter's health, and the best 
wishes of his friends for good health and happi- 
ness in his retirement will go with him. 


E.H.W. 


LONDON DISTRICT NOTES. 


Telephones.—The changes in the number of 
exchange lines, extensions and stations during 
the quarter and the totals on 31st December, 
1927, were as follows :— 


Increase Total 
Exchange Lines ... 7,858 326,932 
Extensions 5,092 276,467 
Stations 11,728 549,912 


Exchange Works.—Bishopsgate automatic ex- 
change—the second of the Director " type 
was opened on March 3rd, 1,325 subscribers and 
1,846 junctions being transferred from the exist- 
ing manual exchange. On March 10th, 3,300 
subscribers were transferred from Avenue, Cen- 
tral, City, Clerkenwell, Clissold, East, London 
Wall and North exchanges. The equipment, 
for 8,000 subscribers immediately and 9,400 
ultimately, was installed by the Automatic Tele- 
phone Manufacturing Company to a specifica- 
tion prepared by the Engineer-in-Chief, and is 
similar to that of the Holborn Exchange 
described on page 17. 

At Hatch End a new exchange (C.B. No. 1e) 
was opened on the 7th December last and at 
Merstham a new exchange of similar tvpe was 
brought into use on the 21st December. 

At Barnes a new C.B. exchange, known as 
Prospect, was opened on March r4th when 700 
subscribers were transferred from Richmond Ex- 
change, 300 of whom already had Prospect 
numbers. 

At Edgware a new C.B. exchange, installed 
in the building which, later, will accommodate 
an automatic exchange, was opened on March 
8th. 


” 


The temporary Terminus exchange situated in 
the old Holborn building was opened on March 
7th and the temporary Ambassador exchange in 
the Paddington premises is nearing completion. 

At Finchley an extension of 1,300 lines was 
completed during February. Other extensions 
are nearing completion at Chiswick, Riverside 
and Wanstead. 

Pneumatic Tubes.—In Lloyd’s imposing new 
building in Leadenhall Street, E.C., opened by 
His Majesty the King on March 26th, a pneu- 
matic tube service has been installed between the 
telegraph room on the ground floor, adjoining 
the magnificent marble Market Hall and Thread- 
needle Street Branch Office. The tube passes 
through the floor to the night telegraph room in 
the basement, through a diverting switch and 
thence to the street and the instrument room at 
the Branch Office. Separate power plant has 
not been provided as power for the service in both 
directions is obtaind from the exhaust of the 
C.T.O. tubes at the Branch Office, being con- 
nected to the terminal via a system of valves. 
The night service is operated from the night 
telegraph room in the basement direct to the in- 
strument room at the C.T.O. by means of the 
diverting switch referred to above and a similar 
switch in the day tube connecting the Branch 
Office to the C.T.O., power then being obtained 
from the mains at the C.T.O. 

A diverting switch has been fitted on a C.T.O. 
— West Strand-War Office trunk tube, i.e., an 
“up '' tube to the War Office Centre. Ву turn- 
ing this switch from its normal position, and 
applying vacuum at the War Office, “ир ” 
working can be maintained in the event of a 
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failure of power at the C.T.O., thus rendering 
the War Office Centre independent of the C.T.O. 
power supply. 

Two docket tubes, power driven, have been 
installed recently at Branch Offices; one at 
Harrow and the other at Dover Street. Both 
tubes are operated by “ Fans, Centrifugal," and 
are controlled by switches at either end which 
enable the power to be cut off when the tube 
is not working, thereby effecting appreciable 
economy. At Dover Street the tube replaced a 
Gipe Carrier, the last of this type in service in 
London. 

External Plant.—The changes in mileage dur- 
ing the three months ended 31st December, 1927, 
and the totals on that date were as follows : — 


Line Mileage. 


Increase Total 
Miles. Miles. 
Pole Line . bes 45 5,824 
Pipe Line . lis 187 9,437 


Single Wire Mileage. 
Overhead Underground Total 


Miles. Miles. Miles. 
Telegraphs e — 194 24,983 
Telephones (Ex.) ... 314 71,883 2,104,015 
B (Trunk). 84 2,574 69,675 
Spare* "- = — 104, 246 


London readers will be sorry to hear of the 
death of Mr. J. L. Brown, formerly Executive 
Engineer in the London District, who retired on 
pension some two years ago. Mr. Brown died 
at his home in Alexandra Road, St. John's 
Wood, on the 20th February, and was buried in 
Hampstead Cemetery on the 24th. ‘ Jock,” as 
he was known to his colleagues, came over with 
the Company in 1912 and was greatly esteemed 
for his personal qualities, not only by his old 
colleagues but by the many friends he made in 
the P.O. service. 


. C., excluding small gauge local conductors. 


LOCAL CENTRE NOTES. 


LONDON CENTRE. 

The Session was opened on the 11th October 
by Mr. F. I. Ray, B. Sc., F.H.D., A. M. I. E. E., 
who read a paper on “ Satellite working in Auto- 
matic Areas." The paper dealt with the develop- 
ment of Satellite working and was illustrated by 
slides and demonstration apparatus. “There was 
a large attendance and a good discussion. 

On the 8th November Messrs. T. Fewster and 
Е. Johnston, X. C. I. S., of the Northern Centre, 
gave a paper on “ Accounting as a Function of 
Management." Various phases of Accounting 
were considered and particular reference was 
made to the Department's costing systems. А 
good discussion followed and the many points 
raised were suitably replied to by Mr. Fewster. 

On the 13th December Messrs. А. Н. Jacquest, 
N. M. I. E. E., and L. H. Harris, M. Se. (Lond.), 
X. C. G. I., gave a paper entitled ‘ Sparking and 
Arcing at Relay Contacts and the use of Spark 
Quench Circuits." The paper was illustrated by 
slides and there was a good discussion, many 
visitors making valuable contributions based 
upon the experience of manufacturers. 


The meeting of roth January was unique. Mr. 
F. A. B. Lord, of Messrs. Dennis & Co., ex- 
hibiting films showing“ Cable Manufacture and 
the Laying of the Anglo-Dutch Cable" by 
Messrs. Felton & Guilleaume. There was a 
record attendance and the interested audience 
showed its appreciation. 

Оп 7th February Messrs. С. W. Brown, 
X. M. I. E. E., and R. J. Hines, B. Sc., gave a 
paper entitled '* The Problem of the P. B. X. con- 
nected to a Public Automatic Exchange." The 
paper was illustrated and a good discussion en- 
sued. Mr. Brown replied with his accustomed 
facility. 

INFORMAL MEETINGS. 

'The Informal Meetings have so far been very 
successful. They deal with the more humanistic 
features of the Profession and the interest aroused 
by these subjects and the freedom of discussion 
has been evidenced by the increased attendances. 

The first of these meetings was held on the 
25th October and was opened by Capt. J. G. 
Hines, M. I. E. E., the subject being © The Tele- 
phone Engineer and his job." The discussion 
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was of sustained interest throughout and only 
the strict enforcement of a time limit enabled the 
meeting to close at the usual time. 

On 22nd November Major Brown, O.B.E., 
opened a discussion with the intriguing title 
Some things we all think we know.” 

Fresh from his visit to Sweden, Major Brown 
dealt with the different methods of carrying out 
Construction work and the consequent saving in 
time as compared with this country. The sub- 
ject was dealt with fearlessly and yet moderately. 
The subsequent discussion was very keen and 
the opinions expressed very varied. 

On 24th January Mr. G. T. Evans opened a 
discussion on '' Some small Current Rectifiers 
and their Characteristics." The talk dealt with 
valve rectification and the application of rectifiers 
for the elimination of batteries in connection with 
Wireless Receivers. The consequent discussion 
centred on the latter aspect of the subject, many 
speakers being desirous of obtaining information 
about inexpensive methods of obtaining suitable 
current from either D.C. or A.C. Mains. 


VISITS. 


Successful visits have been made to 
H. M. T. S. Monarch." 
W. T. Henley’s Telegraph Co.’s Works, 
Gravesend. 
The Mullard Radio Valve Co., Ltd. 

For the success of these visits the Committee 
desires to place on record its appreciation of the 
courtesy of those who made the visits so instruc- 
tive and enjoyable. T.H. 


SOUTH EASTERN CENTRE. 

Mr. C. T. Crisp, Executive Engineer, Brigh- 
ton North Section, South Eastern District, 
retired on the 23rd February, 1928, having com- 
pleted 43 years’ Established Service. Prior to 
his appointment as Sectional Engineer in charge 
of the Old Brighton Section he passed through 
the following grades :— 

(1) Sorting Clerk and Telegraphist, Ipswich. 

(2) Relay Clerk, Eastdean and North Wal- 
sham. 

(3) Engineer, Second 
North District. 

Mr. Crisp is a man of fne and strong 
character, with a high sense of duty, and knows 


Class, Metropolitan 


what he thinks and acts on it. He exerted a 
great and good influence on all members of his 
staff, who regarded him with high esteem and 
much affection. In times of emergency his quiet 
and unruffled manner dispelled feelings of funk, 
calmed the '* windy ° and inspired confidence 
which enabled serious difficulties to be overcome 
without fuss or friction. 

Mr. Crisp has left behind him at Brighton a 
record of work performed which will be a lasting 
memorial to his whole-hearted devotion to duty 
and an example to the younger generation of 
engineering officers to emulate. . 

He always took a very keen interest in the 
affairs of the Institution of Post Office Electrical 
Engineers, and contributed several articles to 
the Journal. As a result of his personal efforts 
a record sale of the Journal was reached in the 
Brighton Section. 

Mr. Crisp was presented by Mr. F. Tandy, 
Superintending Engineer, with a fine gramo- 
phone and library of records on behalf of the 
staff at a gathering on the 23rd February. Mr. 
W. McCormack, Executive Engineer, Brighton 
South, and Mr. E. Armstrong, Assistant En- 
gineer, spoke of Mr. Crisp's good qualities of 
heart and mind. Mr. Crisp replied in a charac- 
teristic manner. 


SOUTH WESTERN CENTRE. 
RETIREMENT OF MR. А. E. СнАрРмАх, M. I. E. E., 
BRISTOL. 


On February 29th, 1928, Mr. A. E. Chapman, 
the senior Assistant Superintending Engineer of 
the South Western District, retired from the 
Service on attaining the age limit. 

Mr. Chapman entered the service as a Tele- 
graphist in the Central Telegraph Office, 
London, on the 23th March, 1882, where 
he remained until 1801, when he was pro- 
moted to North Walsham, the first Post Office 
Hughes Repeater Station in this country. In 
December, .1895, Mr. Chapman took up the 
position of 2nd Class Engineer at Holloway 
Factory, where he was engaged in testing the 
first Trunk Switch Sections. In September, 
1896, he was transferred to Leicester. Here the 
substitution of Quad С.Р. cables by paper core 
cables was successfully effected. 

Promoted to 1st Class Engineer in July, 1903, 
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he remained at Leicester until 1905, when he was 
transferred to Nottingham, on the amalgamation 
of the Nottingham and Grantham Sections. In 
May, 1909, as a result of a severe illness, 
aggravated by exposure to severe climatic con- 
ditions, during an extensive breakdown of the 
Department's plant, he was transferred to the 
newly-formed South Western District, with 
headquarters at Yeovil, where he remained until 
the acquisition of the National Telephone Co. 
System in 1912, when the Headquarters of the 
Section was transferred to Bournemouth. 

In November, 1913, Mr. Chapman was ap- 
pointed Assistant Superintending Engineer at 
Bristol, where he remained until the date of his 
retirement. During the War, Mr. Chapman 
spent the period June, 1tg16—June, 1918, at 
Reading, where he was closely associated with 
the Superintending Engineer of the South Mid- 
land District in the provision of Military, Naval 
and Air Force Systems of communications. 

With the retirement of Mr. Chapman, the 
Department loses a valuable officer and the South 
Western District a good friend. His genial and 
generous nature appealed to all grades of the 
staff. Endowed with all the instincts of a true 
gentleman, no one has ever had to cultivate a 
“ thick-hide," as a shield against his control. 
His uniformly courteous and genial disposition 
and his readiness with which he afforded his 
colleagues and others the benefit of his wide and 
varied experience, secured for him a large 
measure of esteem. In short, he was a gentle- 
man first and an official afterwards, and in his 
retirement we sincerely trust that he and Mrs. 
Chapman will have many years of well-earned 
leisure and happiness in their new home at 
Bournemouth, whither he has already removed. 

Prior to his retirement from the Service Mr. 
Chapman was entertained by his colleagues and 
friends at a Smoking Concert held at the Rotary 
Club, Bristol. 

Mr. A. Gray, Assistant Superintending En- 
gineer, presided over a very large company and 
among those present were Mr. E. J. Eldridge-— 
as alert and young looking as ever—and other 
friends of the various Departments of the Post 
Office. 

The Chairman, after extending a hearty wel- 
come to the visitors, especially the ladies, read 
letters of apology for absence and expressions 


of good wishes from Messrs. Pugh (Postmaster- 
Surveyor), Millar (District Manager), Fish (Dis- 
trict Survyor, Office of Works)) Pink (Sectional 
Engineer, Bristol), Wise (Sectional Engineer, 
Exeter), Rattue (Sectional Engineer, Canter- 
bury), Major Cottle (Assistant Engineer, Ply- 
mouth) and others. During the evening a large 
and varied programme of music—vocal and 
instrumental—arrangd by Messrs. H. H. Brown 
and Emlyn Jones, Senr., was carried through, 
the gentlemen taking part being Messrs. Emlyn 
Jones, Ellis, Hodge, Chivers, Sleigh, Baker, 
Drew, Hall, Alexander, Hargreaves, Turner, 
Ross, Saunders, Aickin, Grant and the Chertsey 
Glee Singers, with Messrs. Emlyn Jones, Jnr., 
and Sutton as accompanists. 

In an interval in the programme, the Super- 
intending Engineer, Major Batchelor, D.S.O., 
M.C., in a very humourous and appropriate 
speech made the presentation, which comprised 
a Columbia Cabinet gramophone, suitably in- 
scribed, and Amplion Cone Loud Speaker and a 
case of bowls. | 

Mr. Chapman, who was obviously affected by 
the warmth of his reception, in thanking the staff 
on behalf of himself and his wife, said he had a 
difficulty in expressing in adequate words the 
many kindnesses that had been shown him by the 
presentation ot such handsome and useful 
mementoes. He had, he said, been in the ser- 
vice of the Department for upwards of 46 vears 
and in that time had seen many changes. In 
again thanking the staff, he expressed the hope 
that the future might hold much prosperity for 
them all. 

The concert was undoubtedly one of the most 
successful in the annals of the South Western 
District and the Committee of Management 
(Messrs. Weir, Н. H. Brown, Cockshott and 
AMexander) is to be congratulated on the admir- 


able success attending its arrangements. 
The catering arrangements in the hands of 
Messrs. Bennett, Buckley and Bell were also of 


A.G. 


a high order. 


SOUTH MIDLAND CENTRE. 


At the opening meeting of the 1927-28 Session 
a lecture, Satellite working in Automatic 
Areas," was delivered by Mr. F. I. Ray. The 
lecturer did not read from his ty ped notes, copies 
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of which had been circulated. At the outset he 
defined a Satellite Exchange," explained the 
application of that definition and stated that at 
the end of 1927 the satellite exchanges should 
number 63 with a total capacity of about 100,000 
lines. 

The arrangements at Newport, Mon., with its 
two satellites at Risca and Cwmbran were ex- 
plained. In this area all calls from Risca and 
Cwmbran, including those from one subscriber 
at Risca or Cwmbran to another connected with 
the same exchange were completed by means of 
the junctions to and from Newport. 

From the comparatively simple conditions in 
the Newport area the lecturer passed on to the 
more complex systems where it was possible to 
discriminate in the selection of junctions for (a) 
multi-exchange and (b) trunk calls. It was 
shown that extreme care was necessary before a 
numbering scheme for a particular area was 
adopted. 

Seven distinct schemes of working, each of 
which had been designed for a different require- 
ment, were described and details of the methods 
in use at Leeds and Hanley were outlined. 

The limitations of the Brighton Multi-office 
Exchange area, which consisted of two main ane 
four satellite exchanges where the names of the 
six exchanges in the area are printed on the dial, 
were explained. 

The scheme designed by the Post Office staff, 
known as the '' Post Office Discriminating 
Selector Repeater " system, was described and 
its working shown by means of a demonstration 
set. The lecture was illustrated by 21 lantern 
slides. 

Mr. McMullen, of Southampton, who was 
unable to be present, sent a written list of ques- 
tions relating to the Portsmouth area, and 
Messrs. Wakefield, Halton, Lewis, Atkins, 
Capt. Linsell and Mr. Bolton contributed to the 
discussion. 

After the points raised bv Mr. McMullen and 
the verbal enquiries had been answered, the 
Chairman passed on to Mr. Ray the hearty 
thanks of the audience. 

The November meeting was devoted to a paper 
by Mr. J. Innes entitled Edinburgh Auto. 
Multi-office Transfer." This helpful paper was 
full of pracical methods of overcoming difficulties 
of the change of sysem, but as it is to be printed 


there is no need to make a detailed record here. 
The slides were much appreciated. 

The time left for discussion was too short to 
enable all members who were interested to take 
part, but the Lecturer briefly replied to the points 
raised by Major Harris, Messrs. Atkins, Halton, 
Nichols, and T. Martin. 

There was enthusiastic applause at the end of 
the lecture and the Chairman thanked Mr. Innes 
on behalf of the members present. 

The comparatively small attendance at the 
meeting held on the 21st December was probably 
due to the proximity of the Christmas holidays. 
Mr. V. Smith read a paper on “ Electrolytic 
Action." It was stated in the introduction that 
130 cases of cable damage by corrosion had 
occurred in the South Midland District during 
the past twelve months. 

Part I. of the paper dealt with damage by 
chemical action. The four chief causes of 
damage due to soil constituents were outlined, 
and it was maintained that the main safeguards 
against the trouble are dry conduits, the liberal 
application of petroleum jelly and the use of 
specially protected cables. Hints on the selec- 
tion and packing of samples for analysis were 
given, and this section of the paper concluded 
with a description of unusual and interesting 
cases. 

In part 11. the general use of Tester No. 36 
for measuring the strength of a current in a 
cable sheath was described. The methods and 
difficulties experienced in detecting leakages 
from tramway systems were explained and then 
the procedure when electric lighting mains were 
suspected was set out. Leakages from the De- 
partment’s own plant were next to receive atten- 
tion. They were mainly due, it was shown, to 
the earth plates at Exchanges being of com- 
paratively high resistance. 

The lecture was well illustrated by a number 
of diagrams. 

Twelve members, Messrs. Traviss, Godfrey, 
Reeves, Bolton, Roach, Dwyer, Halton, Major 
Harris, Messrs. Wakefield, Н. W. Peck, 
Mullens and the Chairman took part in the dis- 
cussion during which several points of difficulty 
appeared to be elucidated. 

The Chairman, describing the paper as a good 
and practical one, thanked Mr. Smith for his 
work. 


LOCAL. CENTRE NOTES. 91 


On January 25th, the subject taken by Mr. W. 
Н. Arnold was ''' Thrust Borers and Thrust 
Boring." The Acting Chairman in introducing 
the lecturer thanked Mr. Arnold for his zeal in 
undertaking at short notice to read his paper 
two months earlier than the date arranged for it 
in the programme. 

It was contended that the use of thrust borers 
in suitable situations will frequently save expen- 
diture. The advantages of the borer were 
greatest when conduits had to be laid under rail- 
way level crossings or in congested thorough- 
fares. The best results are obtained when a man 
with practical experience of the machine travels 
with it and supervises its use. It was fore- 
shadowed that boring would be resorted to in 
future even under inexpensive surfaces in rural 
areas. 

Conclusions drawn from experience were given 
about the types of soil encountered and the 
method of overcoming obstructions. 

A description of the machine known as the 
Mangnall Irving type G. was given. The 
successive operations were explained in connec- 
tion with excavating for the pits, inspecting the 
machine before use, lowering into pit, fixing the 
pilot bar, the rough and afterwards the fine 
setting of the machine, launching the pilot, bor- 
ing the hole and drawing in the pipes. 

The paper was illustrated by twelve slides. 

In the discussion Messrs. Gilpin, Lewis, V. 
Smith, Logan, Halton, Summers, Major Harris, 
Messrs. S. E. Naylor, Wakfield, Roach and 
Capt. Linsell took part. 

The proceedings ended with hearty applause 


for Mr. Arnold. A. W. L. 


SCOTLAND WEST CENTRE. 


The fourth meeting of the current session was 
held in the Royal Technical College, Glasgow, 
on the 22nd February, the lecturer for the 
day being Mr. F. I. Ray, B.Sc., D. F. H., 
A.M.I.E.E., who took for his subject“ Satellite 
Working in Automatic Areas.” 

The lecture proved to be one of the most inter- 
esting and instructive fixtures held locally for 
some time. The subject was illustrated by 
means of lantern slides, and demonstrations were 
given on the working apparatus which had been 
set up. On conclusion of the lecture several 


questions were put which were productive of 
further information, and an opportunity was 
given for examination of the apparatus. 


Н. С. MacC. 


NORTH WALES CENTRE. 


The following is the Committee for the 1927- 
28 Session :— 

Chairman—Mr. R. A. Weaver, XI. I. E. E. 

Vice-Chairman Mr. C. A. Jackson, 
X. M. I. E. E. 

Executive Engineers—Mr. G. Richardson, 
A. M. I. E. E. 

Assistant Engineers Mr. Н. Р. Lloyd. 

Chief Inspectors—Mr. J. Frost. 

Clerical Staff - Mr. G. H. Carrier. 

Inspectors—Mr. J. C. Spiers. 

Draughtsmen—Mr. A. W. Allport. 

Local Secretary and Librarian—Mr. J. G. 
K. Donaldson. 

The session was opened on the 12th October, 
1927, when Mr. R. T. Robinson, X. XI. I. E. E., 
of the Engineer-in-Chief’s Office, read a paper 
on ‘* Motor Transport in the Engineering De- 
partment." The lecturer, after an historical sur- 
vey of the early experiments in motor transport, 
enlarged on the post-war expansion of this 
particular activity and on the various types of 
vehicle which have been developed in later years 
to meet the peculiar requirements of the En- 
gineering Department. 

The second meeting was held on the oth 
November, when Mr. J. Ree, of the Mullard 
Wireless Service Co., Ltd., read a paper entitled 
“ IThermionic Valves and Distortionless Amplifi- 
cation." The lecture, which was illustrated by 
a series of slides, dealt largely with the require- 
ments in valves and couplings for good reception 
and particularly with respect to the comparative 
impedances of valves and transformers. 

The third meeting was held on the 8th Decem- 
ber at Birmingham, and was preceded by a visit 
of inspection to the Midland Exchange. On this 
occasion Captain J. Coxon, A. M. I. E. E., was the 
lecturer and the subject of the paper was“ Ex- 
change Power Plant." The field covered was a 
very extensive one and despite a prompt start it 
was found necessary to curtail the lecture some- 
what, in order that some time might be left for 
the ensuing discussion. 
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On the rith January, 1928, Mr. C. G. A. 
McDonald read a paper entitled ** The running 
of a large Wireless Station," opening with a 
description of the plant at Leafield and of the 
difficulties which have been experienced in 
operating the arc transmitter. Subsequently he 
described the short wave transmitters at Lea- 
field and also certain experiments which have 
been made in screening and focussing the trans- 
missions so as to obtain beam effects. 

The fifth meeting was held on ist February, 
1928, the subject of the paper being © Satellite 
Working in Automatic Areas," by Mr. F. I. 
Ray, B. Sc., D. F. H., X. M. I. E. E., of the En- 
gineer-in-Chief's Office. The lecture was illus- 
trated by an unit demonstration set showing all 
the operations between a parent and two satellite 
exchanges, and with the aid of this and numerous 
slides Mr. Ray provided a very clear exposition 
of the discriminating schemes in Director and 
Non-Director areas. 

The sixth meeting was held on 22nd February, 
1928, when Mr. R. Sheppard read a paper en- 
titled '* Exchange Construction." In this paper 
a survey of the field of the Department's Staffs 
was made with a collection of notes on the lav- 
out and planning of small exchanges, transfer 
arrangements, construction: details, contract 

works and contractors organisations. 

The keen interest taken in the meetings has 
been marked bv the discussions, which have been 
well maintained on each occasion. 

The attendances have been from 80 to 100. 


SOUTH LANCASHIRE CENTRE. 


An account of the opening meeting of the 
Session appeared in the Januarv issue of the 
Journal. Four other well-attended meetings 
have since been held and the interest in the pro- 
ceedings has been fully maintained. 

On November 14th, 1927, Mr. C. W. Brown, 
A. M. I. E. E., of the Engineer-in-Chief's Auto- 
matic Training School, read a paper on '' The 
Director—Its applications and the functions per- 
formed." A particularly clear outline of the 
working of the Director equipment was given 
and the reasons were stated for its adoption in the 
densely telephoned area of Manchester. Кееп 
interest was displayed bv the larger number of 
members and visitors present, and, in the discus- 


sion which followed, many points were cleared 
up by the lecturer. 

On December 12th, 1927, a paper was read by 
Mr. T. Cornfoot, M. I. E. E., entitled '' The 
Administration of an  Engineer’s Section.” 
This gave an interesting account of the various 
duties of administration and the difficulties 
attendant upon the organisation of staff, control 
of expenditure, etc. Several lantern slides were 
shown dealing more particularlv with the pro- 
cedure adopted in the Liverpool External Sec- 
tion, and the general information given in the 
paper was greatly appreciated by the members 
present. 

At a meeting held on January 24th, 1928, 
members of the North Western Centre of the 
Institution of Electrical Engineers were present 
by invitation, together with several members of 
the Postmaster's staff. ДА joint meeting of 
the local Centres of the two Insitutions has now 
become an annual feature and has done much to 
strengthen the cordial relations between the 
memberships of the respective Institutions in the 
locality. On this occasion a paper entitled 
Recent Developments in Power Engineering 
in His Majesty's Post Office“ was read by Mr. 
Н. €. Gunton, M. B. E., XI. I. E. E., Chief Power 
Engineer of the Post Office. The paper proved 
to be exceedingly interesting, and a good dis- 
cussion followed. An expression of thanks was 
moved, on behalf of the visitors, by Mr. A. B. 
Mallinson, XI. I. E. E., Chairman of the N.W. 
centre of the Institution of Elecrical Engineers. 

On February 6th, 1928, the fifth meeting of the 
session, a paper entitled '' Accounting as a 
Function of Management,“ was presented by its 
joint authors, Messrs. T. Fewster and F. John- 
ston, X. C. I. S., of the Northern Centre of the 
Institution. The paper was read by Mr. John- 
ston, who dealt very fully with the subject, and 
certain modifications of present practice, sug- 
gested in the paper, provoked a spirited discus- 
sion. Subsequently Mr. Fewster very ably 
replied to the points raised by the various 
speakers. 


NORTH WESTERN CENTRE. 


The third meeting of the 1927-28 Session was 
held at Preston on the 16th January, 1928, when 
a paper entitled “ Traffic Arrangements as they 
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apply to Automatic Exchange Transfers '" was 
read by Mr. А. L. Barclay (Telephone Traffic 
Superintendent). 

Mr. Shackleton presided over a good attend- 
ance which included the District Manager (Mr. 
S. O. Allen) and a number of his staff. 

Mr. Barclay took as an example the actual 
arrangements made in connection with the recent 
Southport Automatic Exchange Transfer and 
covered the following items: — Preliminary 
Traffic Data, Staffing, Control Sheets, Distribu- 
tion Lists, Switchboard Lay-out, Co-operation 
with the Engineering Department, Visiting Sub- 
scribers’ Premises, Demonstration Set, Advance 
Transfer, Call Offices, Main Transfer, Post 
Transfer, Service Inspections, etc. The lecture 
was illustrated bv specially prepared diagrams. 

On the 13th February, 1928, a paper entitled 
“ Rebalancing a Cable " was read by Mr. T. 
Woodhouse, A. M. I. E. E. 

Mr. Woodhouse opened his lecture with a re- 
view of the sources from which interference can 
be traced and indicated means of eliminating the 
trouble. The question of the necessity for re- 
balancing a cable was fully dealt with and the 
various tests described at length. The paper 
was illustrated by diagrams and schedules and 
was followed by a useful discussion. 

D. BARRATT. 


DEATH OF Mn. К. А. JONEs. 


It is with deep regret we record the death of 
Mr. Robert Alexander Jones, Executive Officer 
Higher Grade (Staff Officer), of the Superintend- 
ing Engineer's Office, North Western District, 
which occurred in a Nursing Home on the 13th 
February, after an urgent operation. Mr. Jones 
was taking a few days Annual Leave at his home 
in Southport when his sudden illness occurred, 
and the news of this followed quickly by the 
announcement of his death came as a great shock 
to his colleagues and friends in the North 
Western District. 

Born on the 17th April, 1869, and appointed 
Sorting Clerk and Telegraphist at Liverpool in 
June, 1885, he had completed nearly 43 years’ 
service, and his death adds yet another to the sad 
list of zealous members of the staff who have 
fallen out of the ranks within hailing distance of 
retirement. 

He was promoted to the position of Junior 


Clerk in the Engineering Department in Julv, 
1891, and commenced his engineering career in 
Manchester, the headquarters of the old North 
Western District. Passing uninterruptedly 
through the various clerical grades, and serving 
in many Districts (North Eastern, North Wales, 
North Midland), he was back again in the North 
Western District, at Manchester, as Chief Clerk 
in the beginning of 1904. In November, 1911, 
he moved to Preston, the Headquarters of the 
new North Western District, where he found full 
scope for his outstanding organising and admin- 
istrative abilities, and where he served the De- 
partment for the past 16 vears. 

In his official life, К.А.]., as one of his many 
friends in a letter of condolence remarks, stood 
for a great tradition; he was first and foremost 
a Department's man, but in his dealings with his 
staff his high sense of justice was tempered by 
strong human sympathy, which had its founda- 
tions in his deep religious convictions. 

He served on the Local Committee of the 
I. P. O. E. E., and from time to time contributed 
interesting and useful papers, notably his recent 
paper entitled “© Accidents on Ошу” and his 
last paper read during the last session, Some 
Curiosities of Official Literature." 

In his unofficial life he found time for many 
public activities. He was a Warden and Coun- 
cillor of St. Luke's Church, Southport, and past- 
Chairman of the Southport Branch of the 
English Church Union. Не also took an active 
interest in the Boy Scout movement. A master 
of pure English and possessing a keen sense of 
humour he was a pleasant conversationalist. 

The funeral took place on February 16th. 
The service was held at St. Luke's Church, 
Southport, and the burial was at Wallasey. In 
addition to the Superintending Engineer and 
Assistant Superintending Engineer and repre- 
sentatives of the Surveyor's Department and all 
ranks of the Engineering Staff, the funeral was 
attended by many representative public men, 
including the Mayor of Southport. 

He leaves a widow and son and daughter and 
the heartfelt sympathy of his many colleagues 
and friends throughout the Service will be added 
to that which goes out to them from within the 
District in their sad bereavement. 

May he rest in peace. 


S.U. 
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EASTERN CENTRE. 


Mr. |. E. A. SORRELL. 


Мк. J. E. А. SORRELL. 


By the retirement of Mr. J. E. A. Sorrell, 
another well known and popular officer is lost 
to the Telegraph side of the Engineering Depart- 
ment. Entering the Post Office service as Tele- 
graphist at the C.T.O. in January, 1884, he 
proceeded to qualifv himself for technical duties 
and was a pupil of Sir William Slingo. 

After considerable experience on telegraph re- 
peater work in the C. P. O. he was transferred to 


the Engineering Department as a Relay Clerk 
(Lower Section) in 1894, serving for a short time 
at East. Dean, after which he was stationed at 
Llanfair P.G. (Anglesey). 

In March, 1900, he was appointed to the En- 
gineer-in-Chief's Office as 2nd Class Engineer. 
After only a year's service in this capacity he 
returned to the repeater service for private 
reasons and was stationed at North Walsham. 
May, 1905, saw him promoted to Relay Clerk 
(Upper Section) and placed in charge at North 
Walsham. Here many strenuous years were 
spent in telegraph experiments between England 
and Germany that resulted in replacing Hughes 
by duplex Baudot working. |n тото he was 
appointed a member of the Anglo-German Com- 
mission, a position for which, Бу virtue of his 
extensive experience, he was especially suitable. 

The cessation of Anglo-German communica- 
tion at the outbreak of War in 1914 resulted in 
the closing down of North Walsham Repeater 
Station, and Mr. Sorrell was sent to take charge 
at Warrington, where a telegraph Repeater 
Station had been established. November ist, 
1915, saw him back again on the East coast as 
officer-in-charge of the Lowestoft Repeater 
Station, where he remained until his retirement 
on the 18th October, 1927. 

During the last two years of his service the 
Repeater Station was removed to a new build- 
ing, and he had the privilege of being in charge 
of the most up-to-date station in the country. 

Mr. Sorrell's activities in his leisure hours were 
numerous and he will not find the vears of his 
retirement hang heavy. 

His many colleagues past and present wish 
him health and happiness in his retirement. Не 
will always be remembered as a keen servant of 
the Deparment vet at the same time a considerate 
and kindly chief. 


J. A. S. XI. 


ВООК 


ВООК 


Wireless Direction Finding and Directional 
Reception." By R. Keen, B. Eng. (Hons.), 
Sheffield, A.M.I.E.E. The Wireless World, 
Iliffe & Sons, Ltd. 490 p.p. 21/-. 

This book is a second edition of a book first 
published іп 1922 under the title of “ Direction 
and Position Finding by Wireless." Тһе 
present edition is expanded to form a compre- 
hensive treatise on all svstems of directional 
reception. The Wireless Direction Finder has 
furnished the seaman with a valuable auxiliary 
to the appliances on which he relies to navigate 
his ship. With the increasing use of radio as a 
means of telegraphic communication, the pro- 
perties of directional reception have become of 
great importance to the Radio Engineer. 

The author’s treatment of the theoretical side 
of the subject is ample for the purposes of the 
book; a comprehensive Bibliography, to which 
appropriate references by numbers are made in 
the text, appears at the end of the book, and 
furnishes a useful guide to those who wish to 
make a more intensive study of the subject, 
The author deals with the practical side of the 
subject in the fullest and clearest manner. The 
book is singularly free from error, which gives 
evidence of careful preparation and proof read- 
ing, and can be confidently recommended to all 
those interested in the subject dealt with. 

Chapters devoted to“ maps and“ Notes оп 
Field and Nautical Astronomy "' will be found 
of especial use to those responsible for installing 
direction finding installations, and a chapter on 
Fault clearing and Maintenance“ should 
prove useful to those responsible for the mainten- 
ance of the plant, although this last chapter is 
particularly applicable to the Bellini Tosi sys- 
tem as developed by the Marconi Co. 


F.W.D. 


“ History of Radio Telegraphy and Tele- 
phony.” Ву G. G. Blake, M. LEE, F.Inst.P. 
Publishers: Messrs. Chapman & Hall, Ltd. 
25/- nett. 

The compass of this book includes both a 
brief historical review of the history of wireless 
and a compendium of inventions, schemes and 
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proposals which have been concerned in the 
development of radio telegraphy and telephony. 

Both sections of the work are valuable by the 
extensive references given to the published 
articles, proceedings of various societies and 
patent specifications which deal with the subject 
matter outlined by the author. 

The references, which total 1,125, are con- 
veniently tabulated in one list, and there is a 
good index. 

Some instances may be noticed where the 
original article describing an improvement or 
invention might advantageously have been 
quoted instead of or in addition to later publica- 
tions on the subject. In this connection original 
papers in the American Institution of Electrical 
Engineers on Wired Wireless and ‘‘ Bever- 
age Antennzs `°’ has not been referred to, but 
later articles on the same subject are noted. The 
most prominent patents in modern wireless and 
the earlier invention and ‘ disclosures " which 
are of great interest and importance to the 
designer and user are included in the review. 
One notable omission is that of Lee and Hogan's 
adaptation of the Fessenden Heterodyne Re- 
ceiver which is not mentioned. 

The method of cross-reference is generally 
clear, but a few obscurities or errors occur. In 
describing the Bellini and Tosi Direction Find- 
ing Method it is stated that an account of their 
work appeared in 1907, but the references given 
are to publications іп 1910 and 1920 and an 
original article by Bellini published in the 
Electrician in 1914 is overlooked. 

The book can be recommended to the student 
of wireless history, as well as to those interested 
in the application of patents which have now 
lapsed or are still in force. 


A. S. A. 


Practical Radio Telegraphy." By Nilson 
and Hornung. McGraw Hill Publishing Coy., 
Ltd. Price 15/-. 

This work which is of American origin is in- 
tended to serve as a text book for students who 
wish to pass the examination for a Radio Opera-: 
tor’s License in the U.S.A. 
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The earlier part of the book deals briefly with 
the elementary principles of the subject, and the 
later chapters are confined to descriptions of 
ships’ wireless equipments peculiar to modern 
American practice. 

The authors state in their preface that the 
trend in the design of modern radio equipment 
is from the spark to the valve type; one could 
have wished therefore that a good deal of the 
considerable space devoted to spark might have 
been cut down to make room for some extension 
of the chapters on valve transmitters. The 
chapter on Direction Finding Equipment might 
also have been usefully extended to include 
further technical details of the receivers: no 
diagrams of either of the types described were 
given. 

The book is profusely illustrated and for those 
who are interested in ships’ wireless equipment 
can be recommended as giving a comprehensive 
survey of American maritime wireless practice. 


H.B.T. 


“ The Call Indicator System of Automatic 
Telephony." (A. С. Freestone). Sir Isaac 
Pitman & Sons, Ltd. 6/-. 

This book embodies concise and clear exposi- 
tions of the circuit arrangements employed in 
this secondary, but very important, part of the 
scheme for the conversion of a metropolitan area 
to automatic working. 

The descriptions are not over-burdened with 
detail and the uniformity of method adopted in 
presenting the various facilities and circuit func- 
tions is very helpful to a proper appreciation of 
the sequence of operations. 

It is unfortunate, however, that the inset 
diagrams have been placed without sufficient re- 
gard to the need for continuous reference between 
them and the letter press, and before settling 
down to a study of the book readers would be well 
advised to remove the diagrams to the end of 
the respective circuit descriptions. 

There are no material errors to record, and, 
apart from the reference to the intermittent click 
facility (p. 57), which has not been provided, the 
subject matter is thoroughly up to date. 

With the exception, perhaps, of a few minor 
modifications either already adopted or in con- 
templation, the utility of the book is not likely 
to decrease with the lapse of time and its acquisi- 


tion can be recommended both to students who 
desire to improve their acquaintance with the 
application of machine switching principles to 
modern circuit problems and also to those others, 
whose interest is of a more practical nature. 


J.R. 


“ Wireless Principles and Practice." 
S. Palmer, M.Sc., Ph.D. London: Longmans 
Green & Co. 504 pp. 18/-. 

The volume under consideration is stated to 
be speciallv intended for the student and for the 
Electrical Engineer who wishes to become con- 
versant with wireless. 

The work is divided into twelve chapters, the 
first ive being concerned with the principles of 
Radio, while the remaining seven deal with 
practical applications. 

The first and second chapters on Wave Motion 
and Wireless and on High Frequency Alter- 
native Currents and Oscillatory circuits respec- 
tively give concise but adequate treatment of the 
subject. 

Chapter three is devoted to Wireless Circuits 
and Aerials for Transmission and reception. It 
deals with circuit components, wavemeters, 
decrement and selectivity and aerials and radiat- 
ing systems, including a few words on the 
measurements of aerial constants. We should 
expect to find some reference to wave antennæ 
beyond a solitary reference in the Bibliography. 

The following chapter is on the subject of 
Special Circuits, which are dealt with under 
three headings, viz.: Кејесіог and Acceptor 
Circuits, Coupled Circuits, and circuits for 
Duplex and Dual operation. The first and third 
are dealt with fairly briefly, the second very 
thoroughly. It is perhaps a matter of regret 
that the subject of filters does not receive more 
adequate treatment in view of the importance of 
such circuits in modern practice. Reference to 
the most informative source of information on 
filters, viz., The Bell Technical Journal, is 
also omitted from the Bibliography. 

Chapter five is devoted to the theory of the 
wireless valve and contains sections on conduc- 
tion through gases, electron emission from hot 
bodies, the two electrode valve characteristics, 
valve design and manufacture and finally four 
electrode valve characteristics. 

Chapter six deals with spark arc and alter- 
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nator methods for the generation of high fre- 
quency currents. It is noticed that the author 
falls into the popular error that the use of a spac- 
ing wave tends to interfere unnecessarily with 
other stations, whereas actual practice tends to 
indicate the reverse, owing to the absence of key 
clicks. 

In the section on alternators it is surprising to 
find no reference to the Bethenod-Latour alter- 
nator used so widelv in France at St. Assize, 
Lvons and Bordeaux. 

The following chapter is devoted to the sub- 
ject of the three electrode valve oscillator, while 
chapters 9 and то deal respectively with the 
detection and amplification of oscillatory cur- 
rents. A description is given of a two wire 
telephone repeater; the author's figures for the 
normal spacing of repeaters are far too high. 

Wireless Telephony is next dealt with, while a 
final chapter on Directional Wireless completes 
the work. In describing the single sideband 
suppressed carrier system of telephony the reader 
is rather led to infer that the main object of this 
system is to reduce distortion whereas the 
primary consideration is of course the reduction 
of the frequency band utilised. 

The book gives a well-balanced and compre- 
hensive survey of the whole field of radio com- 
munication, unnecessary elementary sections on 
electricity and magnetism, which so frequently 
form a goodly proportion of the contents of 
books on Radio communication, are absent, and 
the writer does not hesitate to use mathematics 
where the subjects call for it. 

One of the most valuable features is the in- 
clusion of a Bibliography at the end of every 
chapter divided into sections corresponding to 
the sections of the chapter. The Bibliography 
gives references onlv to articles in periodicals or 
proceedings of scientific societies, but does not 
give references to published books. In many 
cases references to such works would be useful 
to readers. 

The book is undoubtedly the most up-to-date 
on the subject and it will have a wide sphere of 
usefulness as a work of reference for engineers 
and as a text book for students. 


A. J. G. 
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“ The Principles of Electric Power Trans- 


mission by Alternating Currents.” By H. 
Waddicot, B. Sc., X. M. I. E. E., A. A. I. E. E. 
Published by Messrs. Chapman & Hall, Ltd. 
21/- net. 


This book, which is published at a very oppor- 
tune time in view of the many power distribution 
schemes now proposed or being put in hand, 
deals with the electrical problems that occur in 
designing alternating current transmission lines. 
It is primarily intended to be a suitable text book 
for students pursuing this subject, but at the 
same time the problems have been treated prac- 
tically and it will also be found useful to 
designers and engineers in charge of power 
transmission systems. Throughout the book 
the reader will find a large number of practical 
examples worked out in detail, both mathematical 
and graphical methods being used where pos- 
sible. 

After considering elementary principles the 
author deals with the electrical problems involved 
in short and long transmission lines. As the 
book is written to deal with the electrical prob- 
lems of transmission the mechanical construction 
of the line is only slightly dealt with, but it is 
thought that the value of the book for general 
use would be improved if the chapter on over- 
head construction were amplified in future 
editions from this point of view. | 

Following the consideration of insulation of 
the line the method of maintaining constant the 
terminal voltage of the line with varying loads 
by installing idle running synchronous motors 
and modifying the power factor by varying the 
excitation is dealt with fully. This chapter is 
followed by the consideration of underground 
mains and an exposition of the economic prin- 
ciples of design, the final chapters dealing with 
problems caused in operation by normal and 
abnormal conditions, surges, lightning, etc., 
and the various protective devices necessitated 
and employed. 

The book is well illustrated and useful refer- 
ences are given at the end of each chapter, to a 
larger number of technical papers dealing with 
aspects of the subject. 


J.McG. 


STAFF CHANGES. 


STAFF CHANGES. 
POST OFFICE ENGINEERING DEPARTMENT. 


PROMOTIONS. 
Name. Grade. Promoted to. | Date. 
i E 2 ЕЕЕ 
Arundel, D. S. Assistant Engineer, N. Mid. District. | Executive. Engineer, N. Mid. Dist. | 1-2-28 
Collis, 5. A. Inspector, Testing Branch. Chief Inspector, E.-in-C.O. 1-10-27 
Smith, B. J. Inspector, S. Western District. Chief Inspector, S. Western District. To be fixed 
later, 
Cresswell, W. H.... Inspector, London District. Chief Inspector, E.-in-C.O. [To be fixed 
later. 
Meldrum, F. A. Inspector, S. Lancs. District. Chief Inspector, E.-in-C.O. То be fixed 
Н ! later. 
Josephs, H. J. Draughtsman, Class II., Ldn. Dist. | Chief Inspector, E.-in-C.O. 22-12-27 
Bull, 5. W. S. W. I., S. Western District. Inspector, S. Western District. 28-1-28 
Ryan, J. F. S. WI. I., S. Western District. Inspector, S. Western District. 241-25 
Sansom, W. S. S. W. I., S. Western District. Inspector, S. Western District. 21-1-28 
Wilkinson, E. Wayleave Officer, N.E. District.. Inspector, №. Eastern District. 1-2-28 
Hay, H. E. S. W. I., N. Eastern District. Inspector, X. Eastern District. To be fixed 
| later. 
Robinson, R. S. W. I., Northern District. Inspector, Northern District. p 02210527 
Scralton, C. ID. ... S. W. I., Northern District. Inspector, Northern District. 710-7 
Madgwick, J. M. S. W. I., Northern District. Inspector, Northern District. | 7710-27 
Pitloh, T. P. dox S. W. I., Northern District. Inspector, Northern District. 10-627 
Hemming, M. H.... S. W. I., N. Wales District. Inspector, №. Wales District. 20-11-27 
Mason, H. as S.W.L, N. Wales District. Inspector, N. Wales District. 24-10-27 
Hargrave, A. S. W. I., N. Wales District. Inspector, N. Wales District. 11.28 
Wilson, W. C. S. W. I., N. Wales District. Inspector, N. Wales District. 25-2-28 
Rogers, A. H. | S. W. I., N. Wales District. Inspector, N. Wales District. 24-10-27 
Prichard, E. J. S.W.L, N. Wales District. Inspector, N. Wales District. 3-1-28 
Corner, W. H. S. W. I., N. Eastern District. Inspector, N. Eastern District. 3-2-28 
Lawrence, C. R. ... S.W.L, N. Eastern District. | Inspector, N. Eastern District. 12-10-27 
Porter, E. R. C. ... S. W. I., Eastern District. | Inspector, Eastern District. 28-8-27 
Harrison, Н. W. ... — Tel. C. T. O. Repeater Officer, Class II., North 1212-27 
Walsham. | 
Hartnell, E. W. J. i S.C. & T., Bristol. | Repeater Officer, Class II., Lowestoft. | To be fixed 
i i later. 
Flowers, T. Н. ... .} Probationary Inspector, E.-in-C.O. Inspector, E.-in-C.O. 
Brock, P. R. V : Probationary Inspector, London Dist. ! Inspector, l.ondon District. | 
Boocock, К. О. |! Probationary Inspector, N. Mid. Dist. Inspector, N. Midland District. | 
Bell, C. sos T Probationary Inspector, London Dist. | Inspector, London District. 
Lewis, N. W. J. ... , Probationary Inspector, London Dist. Inspector, London District. 
Leckenby, A. J. | Probationary Inspector, London Dist. ; Inspector, London District. 
Pitcairn, A. C. ; Probationary Inspector, London Dist. Inspector, London District. 
Groves, K. G. R.... Probationary Inspector, London Dist. Inspector, London District. 
Collman, E. L. Probationary Inspector, N. Dist. Inspector, Northern District, 
Cawsey, A. J. | Probationary Inspector, S. Mid. Dist. Inspector, 5. Midland District. 
Ellis, H. О. Probationary Inspector, S.W. Dist. Inspector, S. Western District. 
Morgan, C. A. Probationary Inspector, London Dist. ; Inspector, London District. 15-1-28 


Ingram, C. P. 
Penney, A. E. 
Porter, J. E. ais 
Bucknall, F. R. B. 
Hobbs, H. 

Cherry, D. W. 
Francis, H. E. 
Knapman, D. E. 
Greening, F. C. G. 
Wilceckson, H. E. 
Coates, A. С. 


Probationary Inspector, М. Dist. 


Probationary Inspector, London 
Probationary Inspector, London 
Probationary Inspector, N. 


Dist. 
Dist. | 
Dist. 


Probationary Inspector, S.W. Dist. 


Probationary Inspector, London 


Dist. 


Probationary Inspector, N.E. Dist. 


Probationary Inspctor, S. Mid. 


. Probationary Inspector, London 
Probationary Inspector, E.-in-C.O. 


Probationary Inspector, S. Mid. 


Dist. 
Dist. 


Dist. 


Inspector, Northern District. 
Inspector, London District. 
Inspector, London District. 
Inspector, Northern District. 
Inspector, S. Western District. 
Inspector, London District. 
Inspector, N. Eastern District. 
Inspector, S. Midland District. 
Inspector, London District. 
Inspector, E.-in-C. O. 
Inspector, S. Midland District. 


TRANSFER, 


Pattison, B. C. 


From, 


Inspector, Eastern District. 


To. 


Inspector, N. Wales District. 


I-3-28 
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RETIREMENTS. 
El 
| ' | 
Name. | District. Grade. | Date. 
Chapman, A. E. ... sate = m S. Western. Assistant Superintending Engineer. 29-2-28 
Crisp, C. T. sts EA dat "-— S. Eastern. Executive Engineer. 223-228 
I’Anson, R. . К Е -— N. Midland. Executive Engineer. 31-1-28 
Devonshire, T. E. | 5. Midland. Assistant Engineer. | 31-12-27 
Homfray, F. W.... S. Midland. Chief Inspctor. 18-2-28 
Crampton, G. H. S. Midland. Inspector. 31-12-27 
Manion, J. aa oes те MN N. Eastern. Inspector. 31-12-27 
Chapman, O. E... т vie т Eastern. Inspector. 3-1-28 
Davidson, G. m is. "C NE N. Eastern. Inspector. 5-10-27 
———————áá———— ——————- -— 
DEATHS. 
—— ЉЕҺҺ—————_————— 
Name. District. Grade. Date. 
з= " —— = e | 
Ashbee, А. W. TT EM 1 S. Western. Chief Inspector. | 24-11-27 
Childs, P. J. zis дна 805 xus London. Assistant Engineer. 8-2-28 
Evans, J. W. аде sis " 9 London. Inspector. | 11-1-28 
Pagan, ID. gis 2 E - Scotland East. Inspector. | 8-1-28 
| 
t t 
m 
APPOINTMENTS. 
—— 
Name. Appointed to :— 
Jackman, A. J. m t m Probationary Assistant Engineer. | 
MacWhirter, R. .. "n be oi y n э a 
Barron, D. X. se des m -— » ys y» Open Competition. 
Holmes, M. G. . 888 sige ME $5 - T 
Dallow, ]. E. vi 505 saa - | Probationary Inspector, London Dist. 
Birch, S. .. dix " m "E $5 n London Dist. 
ieee R. M. n ds -— iter | " Ре London Dist. 
Stevens, E. C. C. iud 2 ac $5 i E.-in-C.O. 
Wootten, L. G. . sis Ss TE 5 A N. Wales Dist. 
Partridge, F. V. ... wae Ha кё. $3 " London Dist. 
Lee, А. iag К — В P" N. Wales Dist. Limited Competition. 
Thorogood, E. А. NS ssi m he 3» London Dist. 
Challoner, W. Ней T d " T S. Lancs. Dist. 
Collett, W. А. 82 p zs; Ї " 35 N. Wales Dist. 
Evans, T. ;.. ws Я $us — va T S. Lancs. Dist. 
Sharpe, H. T. A. у суа "t " ii London Dist. 
McDougald, F. M, - Я a »" " N. Mid. Dist. 
Barker, H. tae sei m" "- Probationary Inspector.“ 
Hall, L., Js: re is sus dd T » 
Stanton, E. P. 2 ay was „ ” 
Purvis, G. Ves ids Те M ys sy 
Edwards, Н. F. ... Ж age TN js T 
Clarke, C. W. a 285 T -— уз T 
Ward, W. C. Gis = ned "m 3s " - 
Calveley, C. E. ... 5 туз a.d Е " Open Competition. 
Sheppard, J. A. ... n Е e „ „ 
Jackson, G. ua oak wes -"-- T » 
Morley, J. E. m 58 2 nee Ssg » ” 
Hawkins, С. F. W vs fat es ys mm 
Farren, P. E. sus vs е. - » » 
Jago, W. B. РЯ Ка ns 5 » Bs 


CLERICAL ESTABLISHMENT. 
TRANSFERS 


| i 


Name. Rank. From To Date. 


3 : Р = D exe Tn 
Higher Clerical Officer | Ireland, N. District Eastern District 1-2-28 
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CHANGES. 


OTHER CHANGES. 


Name. Rank. 


Jones, R. A. 
McCuilagh, H. J. 


Staff Officer 


BOARD OF EDITORS. 

В. O. Anson, M. I. E. E., Chairman. 
Е. H. Ѕнаоснмеѕѕү, O. B. E., M. I. E. E., M. I. R. E. 
Lieut.-Col. A. C. Воотн, M. I. E. E. 
J. W. Atkinson, M. I. E. E. 
Р. G. Hay, F. S. I., M. I. E. E. 
H. LONGLEY. 
W. CRUICKSHANK, NI. I. E. E., Managing Editor. 
J. J. McKicuan, O. B. E., M. I. E. E., Assistant Editor. 


COMMUNICATIONS. 


All Remittances and Communications should be addressed 
to the Manacinc EDITOR, P. O. E. E. JOURNAL, Engineer-in- 
Chief’s Office, Alder House, London, E. C. 1. 

Binding covers and copis of the Contents for Vol. 3 to 20 
are available, and may be obtained from the local agents for 
1s. 6d. and 3d. respectively. Subscribers can have their copies 
of Vol. 20 bound, with index included, at a cost of 3s. by 
sending the JourNnats to the local agents. Orders for bind- 
ings, Vols. 1—19, should indicate whether the original binding 
with black lettering, or the later pattern in gold, is required. 
Covers with gold lettering will be the only type stocked from 
Vol. 20 onwards. 

The price of the JouRNAL is 18. 3d. (1s. Gd. post free) per 
copy, or 6s. per annum, post free. All back numbers 2s. each. 


THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 
Officers of Colonial and Foreign Telegraph Administrations 
who are engaged in Electrical Engineering Works may be 
admitted as Colonial and Foreign Corresponding Members 
respectively, after application. 
Subscription payable annually in advance on rst April in 
each year: 
Colonial Members y n Дї о о 
Foreign £! 10 о 
These sums include Annual Subscription to the Journal of 
P.O. Electrical Engineers and the supply of all Professional 
Papers issued during the period covered by subscription. 
Forms of application for Colonial and Foreign Membership 
can be obtained on application to 
The Secretary, 
Institution of P.O.E. Engineers, 
G.P.O., Alder House, E.C.1. 


Higher Clerical Officer 


District. Cause 
| — —€— — 
N. Western ; Death 13-2-28 
Eastern Retired 1-2-28 


%S — AAA -—— d 


CENTRAL LIBRARY. 
The follewing books have been added to the Central Library. 
Applications for the loan of same should be addressed to the 


Librarian, Institution of P.O. Electrical Engineers, Alder 
House, E. C. 1. 


List III. 

No. Title. Author. 
850 Industrial Psychology in Great 

Britain ee M: T .. C. S. Myers. 
851 Introduction to Practical Mathe- 

matics F. M. Saxelby. 
852  Exponentials Made Е asy . es Ghenry De Bray. 
853 Electric Rectifiers and Valves... Prof. A. Gunthers- 

chalze. 

854 Sound E. G. Richardson. 
855 Alternating Current. Electrical En- 

gineering... P. Kempe. 
856 Overhead Electric Power. Trans- j 

mission Engineering es W. T. Taylor. 
857 Present State of Long Distance 

Cable Telephony in Europe ... P. K. Erikson. 


858 Der Verband Deutscher Elektro- 
kedniker, 1893-1918 
850 Cable and Wireless Communica- 


tion of the World... uis e. F. T. Brown. 
860 Call Indicator System Automatic 

Telephony Н. (5. Freestone. 
861 B. B. C. Handbook 
802 Magneto Manual ... Н. К. Longman. 
863 Reinforced Concrete Construction Н. Adams. 
864 Wireless Principles and Practice L. S. Palmer. 


865 Continuous Current Electrical En- 


gineering ... es ss AS Нау. 
866  Telegraphy Aeronautics and War C. Bright. 


New Editions. 


192 Propagation of Electric Currents J. X. Fleming. 
516 Elementary Practical Mathematics 

for Technical Students ... F. Castle. 
828 Alternating Current Rectification... L. B. Jolly. 
23; Pocket Book of Electrical Rules Munro and 


and Tables . Jamieson. 
524 Electric Circuit Theory and Calcu- 
lations W. P. Maycock. 
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START-STOP PRINTING TELEGRAPH SYSTEMS. 
(Continued.) 


A. E. Ѕтомк, X. R. C. Sc. 


(ii.) "THE MoRKRUM TELETYPE No. 24. 


HIS is an improved form of the Morkrum 
Teletype, using the same s unit telegraph 
code but with type bars instead of a type- 

wheel. The working speed is 60 words a minute, 
and the required character is printed on a paper 
tape by causing the corresponding (уреһаг to 
strike sharply an inked ribbon as in an ordinary 
typewriter. 


- 


Кы. 1.—MogkRUM TELETYPE No. 2a. 


VOL. XXI. 


А general view of the instrument is shown in 
Fig. I. while the interior arrangements are shown 
in Fig. 2. It has a single shunt wound motor 
of r/2o0th Н.Р. for driving both the Receiving 
and the Transmitting portions of the instrument. 

Transmitter Clutch Mechanism.— The actual 
transmitting. mechanism is the same as that of 
the No. rA machine, but the clutch mechanism 
for driving the Transmitter Cam Spindle is 
entirely different. In the Teletvpe No. 14, when 
a kev is held down, the cam spindle rotates con- 
tinuously and the relative character is repeated so 


Big. 2.— Veraerveg No. 2a. COVER REMOVED. 
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long as the key is kept depressed. In the No. 24 
machine, however, the character is transmitted 
once onlv, no matter how long the corresponding 
key is held down. The Clutch mechanism to 
effect this is shown in Fig. 3. The Driving 
Ratchet is fixed to a shaft which is driven con- 
tinuously by the motor. The Driven Ratchet 
engages with the spindle carrying the trans- 
mitting contact cams. The Clutch Spring tends 
to urge the Driven Ratchet into engagement with 
the Driving Ratchet, but normally is prevented 
from so doing Бу the Clutch Lever CL, the upper 
end of which, under the action of spring Sa, 
bears against the Throw Out Cam forming part 
of the Driven Ratchet. Each Key Lever, in 
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SYSTEMS. 


and CL to return to their normal unoperated 
positions under the action of spring S2 quite 
independently of the time that the key is held 
down. Consequently the upper end of CL in 
bearing against the Throw Out Cam just before 
the Driven Ratchet. completes one revolution, 
forces the latter from the Driving Ratchet and 
brings the Cam Spindle to rest at the end of the 
revolution. 

Printer Selecting Mechanism. — The Main 
Shaft, Figs. 4 and 5, rotates continuously and 
carries on its upper end a Cam Sleeve which it 
drives by means of a friction Clutch. This con- 
sists of two felt washers FW, the upper one of 
which is held between a Retaining Disc RD, 


CEARED LOCK LOOP CAM 
"WITH "d 

MOTOR ^ 

SPINDLE 


Fic. 3.—Kzv LEVER, SELECTORS AND CLUTCH. 


addition to moving the Selector Bars as explained 
in the case of the ra Teletype, depresses a 
Universal Bar UB, which causes the Trip Off 
Pawl, TOP, to move forward and engage with 
the Clutch Lever Pawl, CLP. The latter is 
therefore turned slightly on its axis, causing the 
upper end of CL to move away from the Throw 
Out Cam, thereby allowing the Clutch Spring to 
move the Driven Ratchet into engagement with 
the Driving Ratchet and the Cam Spindle to be 
rotated. As TOP moves forward in the direction 
of the arrow X, it bears against the screw E2 
which forces it down, thus disengaging it from 
CLP, at about the same instant that the Cam 
Spindle is set in motion. This allows both CLP 


fixed to the main shaft, and the Cam Sleeve Disc 
CSD. The lower felt washer is held between 
another Cam Sleeve Disc CSD and the Driving 
Dise DD, which is keyed to the main shaft but 
is capable of sliding along it. The Clutch 
Spring S provides the necessary pressure be- 
tween the components of the Clutch. 

There is a single receiving electromagnet, as 
in the Teletype Ne. тА, having its armature 
normally attracted when signalling is not taking 
place. In these circumstances the Cam Sleeve, 
see Fig. 4, is held stationary because the Stop 
Arm SA fixed to it, buts against the Stop Pawl 
SP which is locked in position by the Stop Pawl 
Latch SPL. When the “ Start ’’ impulse de- 
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energises the electromagnet, the armature is 
pulled away from the cores, and the plunger P, 
acting on the lever BCL, trips the Stop Pawl 
Latch SPL. This releases the Stop Pawl and 
allows the Cam Sleeve to be driven by the Main 
shaft. When the '' Stop "" signal re-energises 
the electromagnet, the armature is attracted and 
spring SPLS restores SPL, BCL and P. Spring 
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CAMS SC 
RECEIVING 


ELECTROMAGNET 


MAIN SHAFT 
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SPS pulls SP back to its normal position where 
its projection Y is held by SPL. The Cam 
Sleeve is therefore stopped at the end of each 
revolution by SA coming against SP. 

The armature of the electromagnet, Figs. 4 and 
5, has an extension AE which carries projections 
А and B. Mounted on the Cam Sleeve are 
seven cams, of which five, SC, are tor setting 
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five Code Bars; one, LC, is a locking cam, and 
the other, No. 6, in Fig. 5, is for tripping a 
clutch to set the printing mechanism in motion. 
Associated with each Selector Cam SC is a 
Selector Lever SL, a Sword SD and a T Lever, 
by means of which the corresponding Code Bar 
is set. 

The Cam Sleeve starts to rotate immediately 
the “ Start ” impulse arrives; then after a short 
interval of time the first Selecting Cam SC acts 
on its Selector Lever SL causing it to move in 
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soon as SC1 clears the end of its SL, spring 
SLS causes SL to return to its normal position, 
communicating a downward thrust to SD which 
turns the T lever and moves Code Bar 1 to the 
right. lf the next impulse is a spacing unit, the 
armature will be pulled away from the cores of 
the electromagnet by its spring and the resulting 
displacement of AE will position projection А 
in the path of lug C of SD. Cam SC2 now acts 
on its Selector Lever SL and this, in moving the 
associated Sword forward, causes its lower end 
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an anticlockwise direction, .carrying with it, its 
associated Sword SD. If the impulse following 
the Start signal is a marking unit, the armature 
of the electromagnet will be attracted and pro- 
jection B of its extension АЕ will be moved into 
the path of the lug D of SD. Accordingly, as 
SD is carried forward by SL, D will come 
against B and SD will turn about X as a pivot 
in a clockwise direction, so that its lower end will 
move to the left hand side of its T-lever. As 


to move to the right hand side of the correspond- 
ing T-lever. The subsequent restoration of SI. 
causes Code Bar 2 to move to the left, or, if it is 
already to the left, will allow it to remain there. 
The other three code bars are positioned 
similarly, each being controlled by its own 
sword and levers. It should be noted that the 
five selector cams are staggered and act on their 
selector levers in succession. 

The Locking Cam LC, Fig. 4, is provided to 
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hold the armature extension rigid during the 
period when a sword is striking one of its pro- 
jections. LC has five notches, the relative 
positions of which correspond to. the highest 
parts of the five selector cams. The toothed 
projection of the lever LI, presses on the rim of 
LC and enters the notches consecutively as the 
cam rotates. At these times the pointed end 
engages with a Locking Wedge LW fixed to 
AK, holding AE rigidly either to the right or to 
the left when a sword is about to strike it. 
Printing Mechanism. — Each code bar is 
notched along its front edge in a definite manner, 
arranged differently from the others. When the 
bars are in their normal spacing positions to the 
left, there is no set of notches in the five bars 
that is in alignment. This is shown in lig. 6, 
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in which it will be seen that for the transverse 
position indicated bv the line U, there are 
notches only in bars 4 and 5. If, however, bars 
I, 2 and 3 are moved slightly to the right (mark- 
ing position), then a set of notches will be in 
alignment at this position. “Similarly fer posi- 
tion Н, bars 3 and 5 will have te be meved te the 
right to preduce a set of aligned netches. 
The cede fer the letter U is 1, 2, 3 marking 
units, and 4, 5, spacing units; for the letter H it 
it 3, 5, marking units, and 1, 2, 4, spacing units. 


The lines U, L, H, О, I, ete., actually represent 
levers which can fall forward into the netches 
when they are aligned and the arrangement cen- 
stitutes a device fer selecting anv particular lever 
according to the incoming code combinatien. 

The printing mechanism is shown in Fig. 5. 
The Main Bail Cam MBC and the Driven 
Ratchet are mounted on a sleeve threugh which 
the continuously rotating main shaft passes 
freely. The Main Clutch Spring tends to meve 
the Driven Ratchet into engagement with the 
Driving Ratchet fixed to the Main Shaft, but is 
prevented normally from doing this by the end 
of the Clutch "Throw-out Lever, СТЕ, which 
bears against the Threw-out Cam. 

Immediately the cede bars have been set and 
just befere the Cam Sleeve comes te rest, cam 6 
trips CTL allewing the two Ratchet Wheels te 
engage and te retate the cam MBC. The shape 
of this cam allows spring MBLS te act en the 
lever MBL, tending te raise it and keeping it in 
contact with MBC, through the Operating Arm 
OA and the reller MBR. Thus MBL moves 
according to the centeur ef the cam MBC. The 
free end ef MBL engages with the Main Bail 
Plunger MBP which is fixed te the Main Bail 
MB. In front of the code bars are a number of 
Pull Bars PB each ef which is cennected to a 
particular Typebar TB. MB normally helds 
these pull bars away frem the edves ef the cede 
bars. The initial upward metien ef MB allews 
the pull bars which is cennected to the typebar 
of the selected character to be pulled inte the 
aligned netches in the Cede Bars by the spring 
PBS. As MB continues its upward movement 
it engages with a prejection on PB and thus 
carries it upwards also. Censequently the rack 
on the lewer end ef PB causes the typebar to 
turn about its pivet and its free end carrying the 
type te move smartly downwards, striking the 
ink ribben and printing the desired character en 
the paper tape. Near the end of its upward 
Stroke PB meets the Trip Off Bail ТОВ, which 
throws it out of engagement with MB, allewing 
it to be returned to its normal position bv the 
spring PBS. MB on returning to its nermal 
positien holds the pull bars away from the code 
bars, which may then be moved fer the next 
selectien. 

Actual printing occurs after the selection fer 
the next character has been stored up on the 
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swerds when the printer is working at its maxi- 
mum speed. The selectien is transferred te the 
code bars after the previously selected pull bar 
has been meved eut ef the notches. 

Tape Feed Mechanism. — The paper tape 
passes frem a rell mounted en the side of the 
instrument and threugh a Tape Guide TG, Fig. 
8, ever a rubber platen. "The latter is retated 
by the platen shaft which carries a teethed wheel 
Ws gearing with a pinien en the Tape Feed 
Roller TFR. 


The feed mechanism is shown in Fig. 7. The 
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For speed checking purposes, the distant 
operator depresses a key which sends five spac- 
ing impulses and it is not necessary that the 
tape should be fed forward in these circum- 
stances. It is therefore arranged that the corre- 
sponding pull bar in its upward travel shall 
engage with the Spacer Locking Bail SLB and 
pull it upwards. This allows spring S3 to meve 
the Locking Pawl SLP into the path of the toe 
of SOL during the downward travel of MBP, 
thus preventing SOL from moving and feeding 
forward SRW and the platen. During the next 
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Main Bail Plunger MBP in its upward move- 
ment acts on the roller attached to lever SOL, 
thus moving the Feed Pawl SFP downwards. 
On the return of MBP the spring S, which con- 
trols SOL, causes SFP to meve upwards and to 
turn the Ratchet Wheed SRW one teoth in a 
clockwise direction. SRW is fixed on the 
spacer shaft which gears with the platen shaft 
as shown. Accerdingly the platen is retated, 
and as W3 gears with the Feed Rell the tape is 
fed ferward ene space immediately after printing 
has been effected. 


cvcle ef operatiens, if another character is being 
received, SOL is moved far enough away from 
SLP te disengage from it as MBP moves up- 
wards. Spring S2 then restores SLB and SLP 
te normal, and spacing is accomplished in the 
usual way when MBP descends. 

Shift Mechanism (see Fig. 8).—HEach typebar 
carries. two characters, the lower being the 
Primary, for letters, and the upper the Second- 
ary, for figures, etc. The platen is held in the 
pesitien shewn, for printing letters, by the 
Carriage Locking Pawl, CLP, which engages 
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with the Carriage Locking Тое, CLT, fixed to 
the platen carriage. If it is desired to print 
Secondary characters, the distant operator sends 
the “ Figure Shift’? signal, which selects the 
Figure Shift pull bar of the Printer. When this 
pull bar moves upwards it lifts CLP and allows 
spring CRS to pull the platen to the left in the 
ligure, which is towards the front of the machine. 
Alt printing following this operation will be of 
Secondary characters until the distant operator 
sends the“ Letter Shift’? signal. This selects 
the Letter Shift pull bar which, when it is pulled 
upwards, turns the Shift Rocker SR, thus mov- 
ing the Platen to the right, in which position it 
is locked Бу CLP engaging with CLT. 

Ink Ribbon Feed. As in the case of a type- 
writer the ink ribbon is fed from one spool to 
another as the machine operates. 

The Ribbon Feed Shaft, RES, Figs. 9 and 1), 
сап be rotated and also be moved endwise to 
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It carries 
the Ratchet Wheel RER, and in one position 
gears with the left hand Ribbon Spool Shaft, 
whilst in the other it gears with the right hand 
Ribbon Spoof Shaft. The lever REL, Fig. 9, 
moves the pawl REP forward each time the Main 
Bail Plunger MBP ascends. Spring S, attached 
to REL, causes КЕР to move backwards and 
engage with the teeth of RER as MBP descends, 
thus turning the Spool Shaft RSS by means of 
the bevel gearing. 

RES is shown, in Fig. 10, in gear with the 
right hand Ribbon Spool Shaft, feeding the 
ribbon from the left hand spool to the right. 
When the left hand spool becomes nearly ex- 
hausted, а rivet fixed to the ribbon moves lever 
A downwards, thus causing the lower end of the 
pawl Pr to be moved to the right into the path 
of the bail RRB. When МВР moves down- 
wards, RRB engages with Ptr and the motion 
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imparted to the pivoted lever LRL thrusts RES 
to the left. This movement disengages the bevel 
wheels on the right and engages those on the left 
of RES, thus driving the left hand Spool Shaft 
instead of the right hand Spool Shaft. The 
direction of the feed is reversed again by similar 


mechanism when the rivet at the right hand end 
of the ribbon actuates lever B. 

The Governor used tor maintaining steady and 
uniform speed, and the circult connections, 
exactly the same as for the Teletype No. IX. 


arc 


(To be continued.) 


TELEGRAPH AND TELEPHONE PLANT 


IN THE UNITED KINGDOM. 


TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 
THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31st MARCH, 1928. 


| | 
Telepbones Overhead Wire Mileages. i . . Underground Wire Mileages. 
owned and , Engineering | _ 
maintained | _. | District | | 
by the Telegraph. Trunk. Exchange. Sparc. | Telegraph. |! Trunk. | Exchange, Sparc. 
Post Office. | 
579,919 536 4,059 51,819 164 London. | 23,936 66,027 p 2,182,042 106,785 
73,040 2,125 21,530 63,966 1,531 S. Eastern | 3,904 45,640 184,712 13,785 
77,205 4344 30,485 53,910 2,655 S. Western | 19,352 | 11,257 139,272 59,018 
60,138 6,090 37,649 57,158 4,759 Eastern | 22 5 | 35,470 101,514 74,265 
93,826 8,755 44917 57,317 3498 N. Mid. | 24,637 31.420 237,059 119,626 
74,684 4,79 29, 416 69,671 4,150 S. Mid. 13,298 22,330 168,532 88,843 
57,011 4,671 29,387 51,444 2,771 S. Wales . 6,120 23,902 114,617 71,551 
100,650 8,024 26,433 48,863 4182 N. Wales | 13,431 4110г ' 258,464 60,868 
153,882 1,528 16,489 42,865 2,502 |$. Lancs. | 13,422 77,584 459,024 46,327 
90,562 6,199 30,784 46,298 3,103 М. East. 11,324 44,590 154,908 67,518 
62,466 3:539 23,843 37,052 2,187 N. West. 8,110 42,750 154,908 37,163 
46,030 2,511 16,100 24,445 2,547 Northern 4,687 14,776 102,655 51,190 
20,932 4.686 | 8,313 13,703 492 Ireland N. 133 2,300 37,276 1,208 
63,652 5,472 25,373 36,584 1,461 ; Scot. East 3,664 12,212 144,308 47,674 
85,840 7,332 24,155 42,695 913 Scot. West 12,116 24,489 217,421 34,857 
1,639,337 70,599 368,939 697,790 36,915 Totals | 180,552 507,932 4,719,708 880,678 
| 
E „ = = "em 
| | Figures as 
1,605,601 70,769 366,530 ; 690,503 | 37,057 | 1927. | 176,404 498,940. 4,004,092 576,339 
| lat 31st Dec. | i 
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Street off Commercial Street, was the 

second London local automatic exchange 
to be opened for traffic. 1,300 subscribers were 
transferred on March 3rd and a further 3,600 on 
March roth. 

The equipment is similar to that installed at 
Holborn, but unlike Holborn building, which 
holds both Tandem and Holborn, there is only 
one Exchange in the building. 

The telephone equipment was manufactured 
and installed by the Automatic Telephone Manu- 
facturing Co. Ltd., of Liverpool. 

The plant is of Strowger type, with equipment 
for 8,000 lines, and ultimate capacity for 10,000 

The plant includes :— 

195 directors on 14 boards. 
4773 selectors on 32 boards. 
50 senders on 7 racks. 
обо C. C. I. relay sets on 8 racks. 
78 coders on 2 boards. 
36 line switch units, ordinary type. 
J5 4$ y " PBX: 3 
1000 junction relay sets. 

The plant is located on two floors; the first 
floor contains the main frame, test desk, 70 line 
switch units, power plant, batteries. “The second 
floor contains r1 line switch units and all selector 
boards, coders, senders, junction relay groups, 
etc. 

The power plant includes two 23-cell (30 volt) 
8,000 amperehour batteries (at 9 hr. rate) made 
by the Chloride Electrical Storage Company : 
and a 7-cell Counter E.M.F. battery to carry 94 
amperes. Messrs. Newton Bros. (Derby), Ltd., 


D) экен of сы Exchange, in Little Pear] 


lines. 


supplied the two charging machines, each set 
comprising a 480v D.C. motor direct coupled to 
a 1, 000 ampere 57 volt D.C. generator. The 
power board allows for either set to charge either 
battery or to supply current to the exchange via 
a choke coil in parallel with a batterv. 

The distribution of power to the various boards 
and racks is done from three feeder fuse boards. 
One is located at the power board : one is located 
on the 2nd floor centrally placed as regards 
selector boards, and the third is located on the 
2nd floor near the junction apparatus. 

There is a separate P.B.X. fuse panel, with 
capacitv for боо fuses, placed near that portion 
of the main frame where the Prot. H.C. & F. for 
. B. X. power leads are located. The manual 
fuseboard, оп which P.B.X. fuses usually are 
placed, is on the 2nd floor. It was more 
economical to take the 30v P.B.X. supply lead 
direct to the fuse panel and have very short 
switchboard cabling to protectors than to carry 
the 30v lead upstairs and have long switchboard 
cabling down to the main frame. 

Fig. 1 shows part of the first floor. The meter 
rack is made in two parallel racks, the nearer one 
having capacity for 300 meters per bay and the 
farther one having capacitv for 600 meters per 
bay. The routine test strips for subscribers’ 
meters are clearly shown at right hand of each 
bay. Beyond the meter racks are line switch 
units. It will be noticed that the main girders 
are not totally enclosed in concrete. The height 
of the building was reduced a few inches by 
adopting this course, as the depth of the concrete 
to cover rivet heads was dispensed with. 
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The manual switchboard on the fourth floor 
has 3 suites as seen in Fig. 2. 

There are 38 А positions: 18 B positions in the 
suite by the wall and 7 B positions in the centre 
of the room. The supervisors desk is seen by 
the pillar; the meter cabinet contains (a) the X 
operators’ position meters worked from a peg 
count key when required on A positions; (b) the 
B operators’ position meters worked auto- 
matically from the Pos. apparatus in the auto. 
room, and (c) meters on incoming junctions 
associated with the key sender positions worked 
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of apparatus; for instance, the director routiner 
contains :— 


88 relays. 
21 rotary line switches. 
15 lamp jacks each for 20 lamps. 
1 fuse panel capacity 22 fuses. 
10 minor switches. 
10 Strips of lamp jacks (10 per strip). 
30 tag blocks. 
6 tag strips. 
r4 Mountings each of 6 lever keys. 
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automatically when the release magnet of the 
selectors on these incoming junctions is ener- 
vised. Meters are provided at the rate of one 
per half shelf (J. e., capacity 10 switches) of 20 
selectors. 

The circuits and apparatus used at Bishopsgate 
are the same as used at Holborn and the dis- 
position of apparatus on racks is the same. 

In order to test the plant continuously, various 
automatic routiners have been provided. In 
themselves, these routiners are fairly complicated 
mechanisms and contain a considerable quantity 
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Routiners arc also provided for testing auto- 
matically, Coders, ist Code Selectors, Senders, 
C. C. I. repeaters and June. Relay Sets. The 
times taken by these routine testers are арргохі- 
mately as follows :— 

Director Routiner takes approximately 1} 
mins. for each Director. If the Forced Re- 
lease test is cancelled, this is reduced to 50 
secs. Due to the busying ahead feature, 
there is no waiting time for the Director to 
become disengaged. 

First Code Selector Rouliner takes approxi- 
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mately 2 mins. for each Selector. If the two 
Forced Release tests are cancelled, the time 
is decreased to 40 secs. The average wait- 
ing time of 11 mins. in busy period of day is 
not included in the test times. 

Coder Rouliner takes approximately 30 secs. 
for each Coder, plus average waiting time 
of g secs. in busy period of day. 

C. C. J. Repeater Routiner takes approximately 
20 secs. for each Repeater, plus the average 
waiting period for the Repeater to become 
disengaged. This will vary according to the 


time of day that the test is made and may be 
0.00 seconds. 

Sender Rouliner takes approximately 20 secs. 
to test each Sender, plus average waiting 
time of 6 sees. in busy hour. 

Kevsender “ B" Position Apparatus June. 
Relay Set. Rouliner takes approximately 35 
secs. to test each Junction Relay Set. Busy 
Relay Sets are passed without being tested 
and without any alarm being given. 

The writer is indebted to the Nutomatic Tele- 

phone Company for the photographs. 
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Н. Mortimer, E.-in-C.'s Office. 


P to the present an article has not appeared 

in this Journal in connection with the 

manual services for Trunks, Toll, Tele- 
grams and Directory Enquiry, which have been 
adopted as a standard by the British Post Office 
for Director areas. 

It is not proposed to explain the use of these 
services as they are well-known, but it will be 
realized that it is necessary for some code or 
numbers to be dialled by automatic subscribers 
or operators to gain access to them via the auto- 
matie Switching plant. 


Three lettered codes as follows are. therefore 
dialled :— 


Trunks ss is TRE 
Toll e m таз TOL 
Telegram T БЕ 
Directory... БЕ "т DIR 


It will be noticed that the code corresponds to 
the first three letters of the service required, so 
that the Subscribers should not experience any 
difficulty in remembering them. 

To route the calls via the automatic switching 
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plant, it is necessary to translate the codes dialled 
into their numerical equivalents of the level of 
the Code Selector Switch from which they are 
routed; for example, at Holborn Automatic Ex- 
change and Tandem Exchange, the code trans- 
lations are as follows :— 


Service Holborn Tandem 
TRU 38 02 
TOL 32 04 
TEL 312 о 

DIR 503 03 


It will be realised of course that the routing 
can take place via any level of rst, 2nd or 3rd 
code switches, and that they would not. neces- 
sarily be the same levels in all exchanges. 

The traffic facilities to be given on these four 
services. vary somewhat, and the following 
schedule clearly indicates the service require- 
ments in this respect :— 


Circuits to which Sali А 
Service automatic subscrib- | Circuit 10 which 
ers HAVE: access: operators have access. 
TRU Non-metering Standard Supervision. 
Non-holding 
TOL Non-metering, hold- do. 
І ing, flashing-in by 
subscribers. 
TEL Metcring, non- : do. 
holding. 
DIR Non-metering, hold- do. 
| ing, flashing-in by 
subscribers. 


To obtain the foregoing facilities, it has been 
necessary to design special circuits for the relay 
sets inserted in the respective junctions. The 
diagram number referring to the relay sets will 
be seen on the routing diagrams reproduced with 
this article. 

Attention is drawn to the fact that where 
standard supervision is desired, it is not possible 
to. give non-metering conditions, therefore, 
separate groups of circuits have to be provided. 

'The following shows the different groups of 
circuits that have been provided in the London 
Automatic System to meet all the varying con- 
ditions. 


Trunks— 
(1) Automatic subscribers. 
(ii) Automatic manual board. 
(iii) Manual exchanges which circulate their 
traffic via Tandem. 


(iv) Automatic subscribers via Tandem. 


Toll- 
(1) Automatic subscribers. 
(ii) Automatic manual board. 
(it) Manual exchanges which circulate their 
TOL traffic via Tandem. 


Telegrams— 
(1) Automatic subscribers 
Automatic manual 
board 


Common group. 


(ii) Automatic subscribers ) Common group 
Automatic manual | for traffic 
board | circulated 
Manual exchanges | via Tandem. 


Direclory— 
(i) Automatic subseribers 
Automatic manual 
board 


Common group 
via Tandem. 


(ii) Manual exchanges via Tandem. 


Owing to circuit complexities it was eecided 
that separate groups should be provided for auto- 
matic subscribers ane auto. manual boare to Toll 
and Trunk respectively. With regard to the 
direct circuits from the auto-manual boares to 
Toll and Trunk exchanges, in order to obtain 
standard supervision it has been necessary to 
insert a relay set in each circuit, owing to the dry 
loop condition which exists in the cord circuit 
(diagram A.T. 812) on the automatic manual 
boards fitted within the 5 miles area. Outside 
the 5 miles area, the cord circuit (diagram А.Т. 
1704) fitted on the manual board provides for 
standard supervision. It has also been decided, 
with regard to Toll calls from auto.-manual 
boards, that the control of the call shall be placed 
with the A operator at the auto.-manual board; 
therefore, these circuits terminate on the through 
clearing positions in the Toll Exchange. The 
calls originated bv an automatic subscriber will 
be controlled by the Toll operator, and in this 
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case the circuits terminate on a control position 
at Toll. 

It will be seen that it is necessary to provide 
these different combinations of circuits to cater 
for the four services in the London Area. 


ROUTING OF CALLS. 


From a perusal of the diagrams showing the 
routing and circuit diagram numbers referring 
to the equipment concerned in a through call 
from any source, it will be seen that for the 
manual exchange end Diagram С.В. 9oꝗ has 
been quoted. This must be taken as typical 
only. 

The method adopted by the distant manual 
exchange desiring to obtain Trunks, Toll, Tele- 
gram or Directory Enquiry is as follows :— 

The distant A operator passes the demand over 
an order wire to the Tandem B operator for 
Trunk, Toll, Telegram or Directory as the case 
may be. The key sender B position operator at 
Tandem then keys up the three letter code 
demanded, the call then being routed by the 
sender via the Tandem first and second Code 
selector switches and relay set (if concerned) to 
the respective service. 

In the case of a subscriber, the desired code is 
dialled into the Director switch in the automatic 
exchange. The call is then routed (after the 
Director has carried out the translation), via the 
first, second or third code selector switches in the 
originating exchange to the respective service, or 
via the first code switch in the originating ex- 
change, to the incoming first Tandem switches in 
‘Tandem exchange, where the call is then routed 
direct from the second code selector levels. 

Should the auto-manual board require апу of 
the four services, the operator can gain access 
to Toll or Trunk by plugging into the corre- 
sponding outgoing junction multiple, or, in the 
case of Telegrams and Directory, by dialling the 
code required via the first code manual selector 
switches. This gives access to Telegrams and 
Directory via the same group of circuits to which 
the subscribers have access. For further particu- 
lars of the routing scheme reference should be 
made to the standard trunking diagrams referring 
to each exchange. 


Circutr DESCRIPTIONS. 
With regard to the circuit diagram numbers 


quoted, it is not proposed to explain the circuit 
operations in detail (as this would take too much 
valuable space), but to indicate only the salient 
features of the relav sets that are inserted in the 
junctions, between the Automatic or Tandem 
exchanges to the four services. The circuits at 
the originating end follow standard practice; 
therefore, no circuit description is necessary as 
these are well known. 
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TRUNKS. 
Calls routed via Tandem from Manual Exchange. 
Relay Set Diagram A.T. 1938 is inserted for 
the purpose of giving standard supervision to the 
distant operator. It also provides for guarding 
the P bank contact after the manual exchange 
operator has cleared, until the trunk operator 
clears ; this feature is provided to prevent follow- 

ing-on calls from being lost. 


Calls route via Tandem from Aulomatic Sub- 
scribers. 

The Relay Set A.T. 1717, Fig. 2, is provided 
in the circuit between the outgoing level at 
Tandem exchange, and the Trunk exchange. 
Its function is to provide holding facilities for 
the Tandem selector switches until released by 
the calling subscriber and also to guard the P 
wire bank contact after the subscriber has cleared 
until the "Trunk operator clears the connection. 


Calls rouled from Auto-Manual Board. 

In this case, the Relay Set A.T. 1937 is in- 
serted to provide standard supervision to the 
auto-manual board А operator, and also to main- 
tain the visual engaged signal lamp on the auto- 
manual board after the А operator has cleared, 
until the connection is cleared by the Trunk 
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operator. It should be noted that a Relay Set 
A.V. 1937 is only necessary in the junction 
circuits from the auto-manual board within the 
five miles area, owing to the “ dry loop "' con- 
dition of the calling cord circuit. Outside the 
five miles area, the cord circuits are designed to 
give either wet or dry loop conditions, therefore 
relay sets аге not necessary under these con- 
ditions. 
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TOLL. 


Calls routed via Tandem from Manual Ex- 
changes. 


No relay set is necessary in these circuits, as 
the calling equipment and cord circuit at the Toll 
exchange provide for standard supervision being 
given to the distant A operator. 


Calls routed from Auto-Manual Board. 


The conditions quoted under the same head- 
ing for Trunks apply to this circuit. 


Calls routed via Tandem from Automatic Sub- 
scribers. 
The Relay Set A. T. 1904 caters for the same 
conditions as those under the similar heading for 
Trunks. 


Calls routed direct [тот Automatic Exchanges 
from Automatic Subscribers. 


A relay set is not necessary in this case, as the 
second or third code selector switches are held 
by the forward earth from the first code selector 
switch. 

It should be stated that holding conditions are 


provided in the latter two groups so that the sub- 
scribers can flash in the Toll operator without 
breaking down the train of automatic switches. 
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‘TELEGRAMS. 

Calls routed either from an Automatic Ex- 
change or via Tandem Exchange use a common 
group of circuits in each case because registration 
of the subscriber's meter and also standard super- 
vision is desired on these calls. Both these con- 
ditions are obtainable, due to the reversal which 
is brought about in the relay set when the tele- 
gram operator answers. Relay Set A. T. 1900 
provides for the reversal, and also guards the 
“ P bank contact against intrusion after the 
calling subscriber has cleared, until the telegram 
operator clears. 
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DIRECTORY ENQUIRY. 
Calls routed from Aulomatic Subscribers and 
Aulo-Manual Boards direct or via Tandem. 


Relay Set A.T. 1904 in this case provides hold- 
ing facilities which enables the calling sub- 
scribers to flash in. It should be stated that full 
standard supervision is not given on the calls 
routed from the auto-manual board, owing to the 
fact that the group of circuits used are the same 
as those used by the automatic subscribers, and 
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standard supervision and non-registration cannot 
be given on the same group of circuits. The 
reason for using the common group is, that the 
traffic from the auto-manual board will be very 
small indeed, and would not, therefore, justify 
a separate group of costly junctions being pro- 
vided for this purpose. 


Calls rouled via Tandem from Manual Ex- 
changes. 

A relay set is not required in these circuits, as 

the junction. relav group of the key sender B 

equipment provides the hold forward condition, 
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which enables the Tandem first and second Code 
selector switches to be held in the operated con- 
dition, also, the answering equipment at Direc- 
tory provides for standard supervision to be 
given to the originating & operator. 

The numbers quoted on the circuit diagrams 
refer to the particular apparatus concerned, from 
which full circuit conditions can be obtained. 

It is thought that the foregoing remarks, to- 
gether with the routing diagrams, will enable 
those interested, to obtain a knowledge of the 
somewhat complex trunking scheme required 
for these four services. 


MECHANICAL ORDER-WIRE OPERATION. 


А METHOD OF HANDLING TRAFFIC FROM MANUAL TO AUTOMATIC 
EXCHANGES. 


D. A. CHRISTIAN (of Siemens Bros & Co., Ltd.). 


PRESENT METHODS OF OPERATION. 


HE use of an order-wire for handling the 
traffic between two manual exchanges is 
well known and has for long proved the 

most efficient and economical method of manual 
to manual operation. The outstanding advan- 
tages that the order-wire method of operation 
provides are speed of operation, particularly with 
respect to the time taken by ће “ A ” operator 
to handle the call, and simplicity in the junction 
circuit arrangements necessary. The short time 
taken by the А "' operator to handle a call is 
chiefly due to the junction assignment being 
given from the “* B ” end, thereby relieving the 
“A” operator from the necessity of searching for 
a free junction. The simplicity of the junction 
circuit arrangement is due to the use of the 
order-wire for initiating the call, only the clearing 
signal being controlled over the junction. 
When the incoming exchange is converted to 
automatic working a new set of conditions is 
obviouslv met, and at present one of the two 
following methods of operation 15 usually 
adopted. Dials are provided on the “ &' posi- 
tions and the“ А "' operators have to search for 


a free junction and dial the necessary trains of 
impulses to set the automatic switches. This 
method may be looked on as adopting automatic 
principles of operation at the manual exchange, 
in that a search is made followed by transmission 
of impulses: it is obviously uneconomical in 
“А ” operators’ time and is quite unsuitable 
where the junction traffic is heavy. The alterna- 
tive method is to retain the services of “В” 
operators at the automatic exchange and provide 
cordless B" positions there. This method 
may be looked on as adopting manual principles 
of operation at the automatic exchange and while 
maintaining the efficiency of the “© &' opera- 
tors, it incurs considerable expense at ће “ B ” 
end. 


FUNDAMENTAL CONSIDERATIONS INVOLVED IN 
THE PROBLEM. 

On consideration it will be realised that the 
completion of a manual to automatic call com- 
prises two operations which are to a great extent 
distinct, and that several methods of operation 
are in each case available. These operations and 
the possible methods of accomplishment are 
indicated in the following table :— 
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(1) The Selection of the Junction. 

(a) Click tests made by the A opera- 
tor, with or without group engaged 
test. 

(b) Visual engaged signals. 

(c) Individual Jacks for each operator with 
junctions automatically selected by 
junction finders. 

(4) Demand and assignment, as for ex- 
ample, over an order-wire to a '* B” 
operator. 


(2) The Transmission of the Number Required 
(a) Dialling. 
(b) Digit-key Strip. 
(c) Verbal communications with a “B” 
operator. 
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The development of any scheme for handling 
manual to automatic traffic is mainly a matter of 
combining the particular methods for 
The arrangements about 


chosen 
these two operations. 
to be described combine methods (d) and (b). 


THE ADAPTION OF ORDER-WiiRE. WORKING TO 
AUTOMATIC CONDITIONS, 

[31 \ yy 

operator depresses the particular order-wire key : 


passes the required number to the ** B "' opera- 


In manual order-wire operation, the 


tor verbally : receives a junction assignment also 
verbally : and connects the calling cord to the 


OPERATION. 


assigned junction. Simultaneously the B” 
operator connects the assigned junction to the 
required number in the multiple. Mechanical 
Order-wire Operation is based on precisely the 
same principles but employs what may be termed 
a mechanical or automatic B' operator at the 
automatic exchange. The mechanical-operator, 
sometimes termed a decoder-sender, consists of 
a selector type switch and an associated control- 
ling circuit consisting of relays and preselectors. 
Manifestly, such an apparatus unit cannot 
respond to a verbal request from the “© A opera- 
tor, nor can it verbally assign a free junction : 
the '* A "' operator is therefore provided with a 
digit-key strip bv which the required number can 
be signalled and a visual number indicator on 
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А dia- 
grammatic representation of the condition so far 
considered is shown in Fig. I. 

Considering this diagram, it will be seen that 
conditions exactly similar to manual order-wire 
The ** V" operator, by 


which the assignment can be received. 


working are obtained. 
depressing the order-wire key, can signal to the 
mechanical-operator the number by 
means of the digit-key strip: the mechanical- 
operator can select a free junction and by signals 
reverted the can indicate the 
number of the junction on the visual indicator 
mechanical-operator can extend the 


required 


Over order-wire 


and the 
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junction assigned to the required number by 
sending out the necessarv trains of impulses to 
the automatic equipment. 

In the above simple consideration two points 
have, however, been neglected, and the arrange- 
ment requires extension to cover these. In the 
first place it is clear that while one '* A "' opera- 
tor is using the order-wire for signalling, it must 
be guarded from interference by other “А” 
operators. ‘This is easily effected by introducing 
a testing or coupling relay between the order-wire 
key and the order-wire and arranging the circuit 
so that when the relay of one position is operated 
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“A POSITIONS 


the relays of other positions are unable to operate 
even if their order-wire keys are depressed. In 
the second place the mechanical-operator will 
take much longer to set up the connection 
through the switches of the automatic equipment 
than a manual “ B " operator will take to plug in- 
to the required number in the multiple. To meet 
this condition it is necessarv to provide a number 
of mechanical-operators to serve the order-wire, 
these taking duty in rotation. The condition 
now arrived at is shown in Fig. 2. The neces- 
sary junction relay equipment to convert from 
manual to automatic signalling is indicated in 
this diagram and the junction indicator is shown 
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OUTGOING QW. 


EQUIPMENT 
AT MANUAL EXCHANGE 


in an alternative position in the panel instead of 
on the keyshelf in front of the digit-key strip. 

'The elements of the system having now been 
explained, a more particularised and detailed 
description of the method of operation may Бе 
given. 

Under normal conditions, that is, when no calls 
are being set up, each mechanical-operator pre- 
selects a disengaged junction and couples itself 
thereto by means of its junction-tinder switch. 
This switch may be of any convenient type 
according to the number of junctions required : 
that shown in the diagram is an ordinary two- 
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motion switch provided with the special rotary 
release magnet used on the Siemens’ P.B.X. 
Final Selector circuit, which enables the wipers 
to search over all levels successively until a free 
contact isfound. The order-wire preselector also 
preselects and couples the order-wire to a free 
mechanical-operator. 

On receiving a call for the automatic exchange 
in question, the “© A "' operator depresses the 
corresponding order-wire key. This action tests 
the order-wire circuit, and if the latter is free, 
gives the operator the sole use of it as long as the 
key is depressed. 

The operator now keys up the required number 


H 
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on the digit-key strip and each digit is instan- 
taneously transmitted over the order-wire and 
stored in the selected mechanical-operator. 

Immediately on release of the digit-key used 
for the units digit, the code corresponding to the 
number of the junction to which the mechanical- 
operator is coupled is transmitted back over the 
order-wire and appears on the junction-indicator 
оп the A position. The operator having 
noted the junction number then releases the 
order-wire key and frees the order-wire for 
further use. On the release of the order-wire key 
the junction number is extinguished. 

A suitable time is now provided during which 
the operator can take the junction by plugging 
into the outgoing junction jack. Should the 
operator not take the junction, then on the expiry 
of this period the whole connection is released 
and the switches return to normal without the 
called subscriber being rung. Assuming the 
operator has taken the junction, the mechanical- 
operator completes the setting up of the connec- 
tion in the automatic exchange. А5 soon as this 
is done it disconnects itself from the junction and 
its finder again commences to search. The 
junction is now switched straight through to the 
automatic switches and the connection is depen- 
dent on the presence of the calling plug in the 
outgoing junction jack. 

During conversation full normal supervision is 
given on the '* А "' operator's supervisory lamp 
and on reception of the clearing signals the 
operator takes down the connection in the 
ordinary way and the switches in the automatic 
exchange return to normal. 

If, when the operator depresses the order-wire 
kev, the order-wire is already engaged or if there 
are no free mechanical-operators available, a tone 
is heard in the operator’s receiver. In these 
circumstances the order-wire key may be held 
depressed, and as soon as connection with a free 
mechanical-operator is made, the tone will cease 
and the call can be set up. Or, if the group of 
junctions is so large that it requires the use of 
two or more order-wires, the second or later 
choices may be tried, just as in manual practice. 
Should the operator realise that she has operated 
the digit-kevs incorrectly, she can correct the 
mistake in a quite natural manner, namely, by 
releasing the order-wire key, re-depressing it and 
setting up the number again. 


For the sake of clarity it has been inferred in 
the above description that the digit signals are 
stored in the mechanical-operator until the ‘ А” 
operator takes the junction. Actually the im- 
pulse train corresponding to the first digit is 
transmitted as soon as the digit is received and 
each of the remaining trains, except the units 
train, as quickly as possible after the reception 
of the corresponding digit. The transmission of 
the units train is made dependent on the “ A ” 
operator taking the junction and, if necessary, is 
held up until she does so. By this means the 
call is set up with the minimum delay while at 
the same time it is ensured that the required line 
is not rung until the junction is taken. 

Since the method of operation follows so 
closely to existing manual order-wire operation, 
there is no alteration or modification whatever 
required to the outgoing junctions or outgoing 
junction multiple nor to the ** A ” position cord 
circuits, nor is it necessary to provide visual 
engaged lamps or group engaged tests in con- 
nection with the outgoing junction multiple. 
Also the whole outgoing junction multiple re- 
mains fully available to all the“ A "' operators. 
A further feature is that all the automatic equip- 
ment is at the automatic exchange where the 
battery voltage and other arrangements are most 
suited to its operation. The equipment at the 
manual exchange, with the exception of the digit 
keys and junction indicator, consists entirely of 
relavs, for the operation of which the manual 
exchange power plant is, of course, quite suit- 
able. 


DESCRIPTION OF THE EQUIPMENT REQUIRED. 


The equipment required at the manual ex- 
change for mechanical order-wire operation is 
very simple. 

Each position is equipped with a digit-key 
strip and a visual number indicator capable of 
exhibiting two figures. These may be of any 
convenient type as found most suitable for the 
“ A ” positions to be equipped. "Two types of 
digit keys are shown in Fig. 3. The longer type 
will be familiar as the type of strip standardised 
for use on cordless B ° positions, while the 
staggered tvpe has been developed for use when 
the space available on the “© A "' positions is 
limited. The junction number indicator is 
arranged in a form similar to the well-known 


MECHANICAL ORDER-WIRE OPERATION. 110 


code call indicator display, except that it shows 
only two figures. It may be arranged in the 
panel equipment or on the kevshelf where space 
permits. The only other item required on the 
position is the order-wire key itself, which be- 
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ing of the ordinary {уре with two make contacts, 
will in almost all cases already exist. 

АП the other equipment at the manual. ex- 
change consists of relav groups, which are pro- 
vided as follows: One group per '* X' position, 
consisting of thirty relays which control. the 
indicator lamps and the order-wire testing cir- 
cult: one relay per position per order-wire for 
coupling the position apparatus to the particular 
order-wire required : and one relay per order-wire 
per exchange associated with the order-wire 
itself. 

It may perhaps be emphasised that the digit- 
key strip, the junction-indicator and the position 
relay group are common to апу number of order- 
wires and need no alteration whatever, no matter 
how many further order-wires may be converted 
to mechanical operation. 

The chief item of equipment at the automatic 
exchange is, of course, the mechanical-operators 
and these may vary somewhat in size and appear- 
ance according to the size of equipment required. 
А rack of these circuits is shown in Fig. 4, from 
which the general appearance of a typical equip- 
ment may be obtained. 

The junction relay equipments at the auto- 
matic exchange are pure relav equipments with 
circuits. very similar to the ordinary incoming 
junction circuit, the precise circuit required 
depending, of course, on the type of manual and 
automatic equipment with which it has to 
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operate. This circuit also provides the point at 
which the mechanical-operator makes connec- 
tion with the junction. 

The order-wire preselector is a simple pre- 
selecting circuit and needs no special description. 


CIRCUITS. 


А full description of the circuits used in this 
method of operation is considered quite unneces- 
sary to a general understanding of the system 


the order-wire proper consists of four wires. At 
the manual end these, together with two further 
wires, are multipled to all the “© А " positions 
as in manual practice, although since the position 
relay equipment is probably most conveniently 
mounted on special racks, it does not follow that 
these six wires are actually taken round the 
manual sections. At the automatic end the 
order-wire terminates on the order-wire pre- 
selector which connects it through to a mechani- 


and would indeed occupy more 
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available. The following elementary diagrams 
and description may, however, be appreciated 
by those interested in circuit design and will at 
least indicate the principle of operation utilised. 

Fig. 5 shows a general circuit outline of the 
arrangements. In this diagram no attempt is 
made to show the detailed circuit operation, most 
of which is quite conventional in character and 
is of interest only to those operating the equip- 
ment. 

Referring to the diagram, it will be seen that 
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When the '* X "' operator depresses an order- 
wire key the flicker test circuit is set in operation 
and under control of this circuit, the precise 
operation and functions of which are described 
later, the particular order-wire is tested and the 
coupling relay connects the four order-wire con- 
ductors through to the position if the order-wire 
is free. The change-over relay contacts are at 
present in the unoperated position and the order- 
wire is therefore connected directly through to 
the digit-keys. Assuming that a free mechani- 
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cal-operator which has preselected a free junction 
is available at the automatic end then a relay, not 
indicated in the diagram, operates and discon- 
nects the busy tone from the А "' operator's 
receiver. The operator now depresses the re- 
quired digit-kevs one after the other and each 
key connects earth to one or more of the order- 
wire conductors in definite combinations. 

The controller switch in the mechanical- 
operator steps on the release of each digit-key, 
thus distributing the digit codes to the thousands, 
hundreds, tens and units code receiving relays. 

'The transmission of impulse trains dependent 
on the digits received is controlled by the impulse 
sender circuit. The diagram indicates how each 
digit is in turn connected up to the banks of the 
sender-switch. The details of the impulse trans- 


potentials to the order-wire conductors. The 
change-over relay circuit at the manual position 
also changes over at the release of the units digit- 
key and the code thus transmitted is received on 
the tens set of code receiving relays at the manual 
end. These relays lock up and the associated 
lamp in the junction indicator lights. The con- 
troller now steps to the second transmitting 
position and the action 15 repeated except that the 
assignment coding relays are now dependent on 
the rotary position of the finder switch. The 
number of the junction assigned is thus shown 
on the junction-indicator and the & operator 
now releases the order-wire key and plugs into 
the assigned junction. Although this operation 
takes some time to describe, it should be realised 
that the action takes place so quickly that the 
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mitting circuit are too involved to indicate clearly 
in the diagram, but contain no point of particular 
interest to this method of operation. The junc- 
tion relay equipment shown is suitable for a 
Siemens No. 16 tvpe automatic exchange and in 
this case the impulses are transmitted via the 
“ A” line to the junction circuit and thence to 
the automatic switches. 

Immediately the units digit has been received 
bv the mechanical-operator the controller steps 
on to the first code transmitting position, the 
junction assignment circuit is now brought into 
operation and a certain combination of the coding 
relavs is operated dependent on the vertical 
position of the junction-finder switch and the 
contacts of the operated relays connect definite 
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assignment is shown almost instantaneously 
after the release of the units.digit key. 

Meanwhile impulses are being transmitted by 
the mechanical-operator. to the junction and 
thence to the switches in the automatic exchange 
from the impulse contact via the first wiper of the 
junction. finder switch and contact N3 in the 
junction circuit. 

On plugging into the junction the “А” 
operator operates relay L in the junction relay 
equipment. Contact Li signals the fact to the 
mechanical-operator and thus permits the units 
impulse train to be sent and the required line to 
be rung. On the completion of the units train 
the mechanical-operator releases itself from the 
junction by opening the circuit of its third wiper, 
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thus releasing relay N and connecting the junc- 
tion through and leaving the connection entirely 
dependent on the presence of the plug in the out- 
going junction jack. In the circuit arrange- 
ments indicated, which are suitable for use with 
an automatic exchange of the Siemens’ No. 16 
type, the connection is actually held by the 
battery on the “ B "' wire holding the line relay 
in the transmission bridge which is situated in 
the incoming selector: the incoming selector in 
turn holding relav E in the junction relav equip- 
ment and thus at Er marking the junction 
engaged to other searching junction-finder 
switches. With automatic equipments using 
circuits based on other prnciples the junction 
auxiliary equipment circuit will differ from that 
shown and may require a transmission bridge to 
convert the manual signals to the tvpe used in 
the automatic exchange. 

After the mechanical-operator is released the 
junction finder proceeds to search, if necessary, 
level after level, for another free junction and 
having found one stops thereon and waits until 
it is again taken into use by the order-wire. The 
circuit control for effecting this searching action 
is shown in Fig. 6 and the action is as follows : — 

On reaching the last (eleventh) contact in a 
level relays T and L operate in series: T4 cuts 
the drive circuit to the rotarv magnet: L locks 
through Li and the rotary off-normal contact : 
1.2 connects up the rotary release magnet and L3 
operates relay Y. Relay Q is released by LA: 
Q4 releases relay T: T4 closes the circuit of the 
rotary release magnet and the selector wipers are 
returned to rotary normal (without, however, the 
selector shaft being dropped to vertical normal). 
The rotary off-normal contact opens on rotary 
normal being reached and relay L releases: L2 
closes the circuit of the vertical magnet and the 
wipers are stepped up to the next level. Relay 
Y now releases and at VI operates relay Q: Q3 
prepares the circuit of the rotary magnet: Qr 
again operates relay V which at Y2 closes the 
circuit of the rotary magnet and the search again 
proceeds. Оп reaching the last contact of the 
" O ” level, relay U is operated instead of relay 
L and by a similar action which will be readily 
traced from the diagram the wipers are com- 
pletely released to vertical normal and then 
stepped up to the first level and the search again 
proceeds. 


The order-wire testing circuit, including the 
flicker test circuit, is shown in Fig. 7. By means 
of the flicker test circuit double connections on 
the order-wire are made a practical impossibility. 
The principle of action is that the testing relays 
are designed so that two cannot operate in 
parallel: the result of this, without the flicker 
test circuit, would be that the operators would 
lock each other off the order-wire if more than 
one operator was waiting with her order-wire key 
depressed for the order-wire to go free. The 
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flicker test prevents this state of affairs occurring 
as will be seen from the following description: — 

When the order-wire key is depressed the 
circuit of relay T is not directly closed as it is 
still open at E2. Relay C, however, operates 
and C2 operates relay E, which at E2 closes the 
testing circuit. Assume the order-wire is en- 
gaged: T will not operate: relay F operates 
through Er: relay G operates through F1: the 
testing circuit is now opened at G2. Relay E 
is now released by Gr and in turn releases F and 
G. Relay E again operates and the testing 
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circuit is again closed. Relays E, F and G are 
slow releasing so that it will be seen that the 
testing circuit is closed only for the short part 
of the cycle taken for F and G to operate while it 
is held open for the long part of the cycle during 
which E, F and С release and E operates. Due 
to the inevitable difference in the timing of the 
E, F and G relays the periodicity of this cycle 
will be different for every A position, so that 
when the order-wire goes free it is extremely un- 


CONTACTS CHANGING OVER 
BETWEEN SENDING OF 
TENS AND UNITS DIGITS 


то 

UNITS 
RECEIVING 
RELAVS 


ORDER WIRE 
OPERATE 


THROUGH 
HIGH RES. 


TD 


LOCKING WINDINCS 
OF RELAYS 


OPERATE NOT SHOWN 


CODING ARRANGEMENTS FOR RETURN 
OF JUNCTION ASSIGNMENT 


ORDER-WIRE 


B WIRE 


OPERATION. 123 


is that of the junction assignment coding relays 
which is shown in Fig. 8. 

This circuit could be arranged in many ways; 
that shown is reasonably economical in relays 
while at the same time being straightforward and 
simple. The coding relays A, B, D and E have 
high and low resistance windings as shown, 
while C is a marginal relay which operates 
through the low resistance windings but does 
not operate when a high resistance winding is in 
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likely that the circuit of two testing relays will be 
closed at the same time and that first closed will, 
of course, obtain access to the order-wire. 
Further, even if two testing circuits are actually 
closed when the order-wire goes free, neither 
relay will operate on that cycle of the flicker 
circuit, but since on the next cycle the phase of 
the two flicker circuits will have altered, one of 
the testing relays will get in. 

The only other circuit arrangement of interest 


circuit. An earth applied through either the 
vertical or rotary wipers to the first contact will 
therefore operate relays D and A but not C and 
by connecting battery through high resistances 
to the B and D wires of the order-wire, will 
operate relays ТА and TD at the manual end and 
so light lamp No. 1 in the assignment indicator. 
The following table gives the coding and receiv- 
ing relays operated and the conditions on the 
order-wire for the various digits :— 
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- Coding Condition on Order Wire. Receiving 
Digit. Relays Relays 

Operated. B Wire. C Wire. D Wire. Operated. 

ї АР HR HR- TA TD 

2 AC HR LR TA TC 

3 A HR- TA 

4 AE HR LR- TA TD TE 

5 BC LR- LR TA TE ТС 

6 B LR TA TB 

7 DC LR- HR- TC TD 

8 D HR- TD 

9 EC I. R LR- TC TD TE 

0 E LR- TD TE 


TRAFFIC CARRYING ABILITY OF THE SCHEME. 

Since mechanical order-wire operation is in 
principle very similar to manual order-wire 
operation, it follows that the traffic considerations 
involved are also of a similar nature. There are, 
however, two important distinctions between 
manual and mechanical operation which should 
be appreciated. 

In the first place, the order-wire gives access 
to a gang of mechanical-operators instead of to 
onlv one operator as in the manual case. Now 
since the natural manual condition of one opera- 
tor to one order-wire is departed from, it follows 
that a sufficient number of mechanical-operators 
can be provided to ensure that the order-wire 
itself is fully loaded. This means that the load 
on the order-wire is limited only by its own 
capacity to transmit numbers and return assign- 
ments and not, as 15 the case in manual operation, 
by the * B ”? operators’ capacity to set up con- 
nections, 

In the second place, since. the mechanical- 
operators do not suffer from fatigue, the order- 
wire can be kept loaded up to its full capacity 
for an indefinite period. 

The load on the order-wire being thus freed 
from any restriction due to the capacity of the 
" B” operator the number of calls which the 
order-wire can carry may now be considered, and 
this capacity is now dependent purelv on the time 
taken to handle each call and the average time 
which can be permitted in waiting for tbe order- 
wire to go free. 

Observations show that the average time taken 
to make a call over the order-wire, that is to key 
up the four digits on the kev-strip and to read 
the number of the junction assigned is 2.0 
seconds or 0.5 seconds less than the correspond- 
ing time in manual practice: 2.23 seconds may 
be taken as a safe figure. 

The waiting time is, of course, of great import- 


ance and should not be allowed to exceed that 
provided in manual practice. We may, there- 
fore, take as the load for one order-wire the 
normal load for one order-wire under the best 
manual conditions. This load is taken to be 460 
calls per hour and calculations based on Erlang's 
formula for waiting times show that this will 
give an average waiting time per call of o.s 
seconds for the mechanical order-wire compared 
with 0.6 seconds in the manual case. 

So far no advantage has been taken of the 
removal of the restriction due to the manual 
B operator, but when a group of order-wires 
to the same exchange is considered, this feature 
of mechanical operation becomes really im- 
portant. It is, of course, well known that the 
separate circuits of a group can be worked at 
much greater efficiency than a single circuit, so 
that the load on an order-wire forming one of a 
group can be much greater than that on a single 
order-wire while still maintaining the same aver- 
age waiting time on the group. With the 
restriction due to the manual ** B "' operator re- 
moved this advantage can be fully utilised by 
merely ensuring that the number of mechanical- 
operators provided is sufficient to handle the in- 
creased load and the following figures give an 
indication of the advantage thus obtained :— 


MANUAL! MECHANICAL 
One One Two Three 
O. W. O. W. O. Ws. [O. Ws. 
Calls per hour per 
group 460 4бо 1520 2560 
Calls per hour per . 
O.W. 460 400 760 853 
Average waiting | 
time in secs. : 0.6 0.5 0.3 0.2 
Connections with 
no delay | 68% | 71% 7496 75% 


It will be noticed that the loads per order-wire 
for groups of 2 and 3 order-wires are 760 and 853 
calls per hour respectively. These are far in 
excess of anvthing accomplished in manual 
practice and vet the waiting times are less and 
the quality of service is therefore higher. As has 
been explained this 1s due to the removal of the 
limitation imposed by the physical capacity of 
the '* B ” operator. 

'The number of mechanical-operators required 
also depends on the average call duration and the 
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л 


waiting time permissible. The time taken for 
the mechanical operator to handle a call depends 
on the number of impulses in the trains constitut- 
ing the required number, and from observation 
the average time from the depression of the order- 
wire kev until the release of the mechanical- 
operator is found to be 8 seconds : 9 seconds may 
be taken as a safe figure and will allow for the 
few cases where delay occurs due to the “ A” 
operator delaying in taking the junction. As 
previouslv explained, the waiting time on the 
mechanical-operators should be so short that it 
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can never appreciablv affect the service given by 
the order-wire. The provision of mechanical- 
operators on this basis is shown by the curves 
in Fig. 9, which curves also show the necessary 
provision of order-wires and junctions for loads 
from zero up to 2,500 calls per hour. 


SIZE OF JUNCTION GROUPS. 


The arrangements which have been described 


are particularly suitable for the operation of 
groups approaching a hundred junctions. 
Where a smaller junction group is concerned 
the type of switch used for the junction-finder 
may be varied and the preselector type employed 
if suitable. On the other hand, where a number 
of small groups of junctions from different 
manual exchanges converge on an automatic 
exchange it may be convenient to retain the 
selector type of junction-finder and connect the 
various junction groups to different levels of the 
finder multiple. ln this case it is necessary to 
definitely associate certain mechanical-operators 
with each particular group, in order to avoid the 
mechanical-operators by chance segregating 
themselves on certain junction groups and leav- 
ing others unattended: the condition is easily 
catered for by arranging each of the finder 
switches to restrict its search to the level or levels 
corresponding with the junction group with 
which it is associated. This arrangement renders 
it easy to transfer an operator from one group to 
another as may be required by variations of 
traffic. 

Another condition is where the junction group 
exceeds one hundred junctions. This condition 
may be met by operating the junctions as two 
entirely separate groups, each of not more than 
one hundred junctions and having separate 
order-wires for each group. The '' A” opera- 
tors would recognise which order-wire had been 
used and would take the assigned junction in the 
corresponding group. If desired, two extra 
lamps may be fitted оп the junction-indicator to 
indicate the hundred and these can readily be 
controlled direct from the order-wire key de- 
pressed without in any way affecting the order- 
wire circuits themselves. 


ADAPTION OF THE SCHEME TO AN AREA IN WHICH 
CORDLESS ' B" WORKING IS ,NLREADY IN 
OPERATION. 


The principle of mechanical order-wire opera- 
tion is not restricted to the precise arrangements 
already described, and a case which justifies 
special consideration is that in which cordless 
“ B” operation is already in use. 

In this case the possibility of using the existing 
cordless B " apparatus at the automatic ex- 
change arises, and in the case of the Depart- 
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ment’s standard cordless“ B ” arrangements it 
is possible to make use of all the existing appara- 
tus, except, of course, the cordless“ B "' sections 
themselves, with only the most trifling alterations 
to the wiring. 

The general principle of this adaption is to 
provide a switch at the automatic end which will 
perform automatically the functions of assigning 
a free junction and of transmitting the number 
of the junction so assigned back to the junction- 
indicator at the manual exchange. A diagram- 
matic representation of these arrangements is 
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sender to the assigned junction ; the codes keyed 
up by the '* А `' operator are received and re- 
transmitted as impulses by the sender; and the 
assignment is reverted to the“ A "' position by 
the ** assigner switch.” 

Consequent on the above differences a slightly 
greater time will elapse before the ‘ A "' operator 
can key up the number required, since search for 
a free sender has to be made before this may be 
done. Further, it will be noted that when more 
than one order-wire is required between two ex- 
changes each order-wire has access only to a 
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shown in Fig. 10, in which the existing apparatus 
is shown on the right hand and the extra appara- 
tus required is shown on the left hand of the 
diagram. 

With this arrangement what has previously 
been termed the mechanical-operator has been 
split up into several distinct parts and the 
functions divided as follows: — The selection of 
the junction is performed by the ''assigner 
switch "' ; the“ outlet finder,“ junction finder "' 
and '' sender finder " switches perform the pre- 
viously unnecessarv function of coupling the 
order-wire to a free sender and connecting that 


particular group of junctions instead of any 
junction being available to any order-wire. 


Ecomomic ASPECT. 

Space does not permit of an exhaustive analy- 
sis of the economic aspect of mechanical order- 
wire operation and it would indeed be difficult to 
give complete data on this subject, chiefly be- 
cause the additional apparatus required at the 
“ А "' positions is practically all common to the 
position and therefore becomes increasingly 
efficient as the number of order-wires operated 
on a mechanical basis increases. 
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А comparison with cordless B "' operation 
in the case of a typical instance will, however, 
be indicative of the economies to be expected. 
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The instance selected is that of an area having 
six automatic and three manual exchanges with 
order-wires and junction groups as follows : — 


| 
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The relative number of mechanical-operators 
and cordless“ B "" positions for such a case 
would be approximately as under: — 


Ar А2 Аз Ay А5 46 
Mechanical-Operators 11 6 9 10 7 10 
Cordless B" Positions... 3 1 2 3 3 


Comparative costs based on the above figures 
show that the total capital cost of the mechanical 
order-wire equipment is only about £3,800 
more than the cost of the cordless“ B "' equip- 
ment, while both the operators' quarters and the 
services of at least twentv operators are rendered 
unnecessary at the automatic exchange. 


EQUIVALENT T's 


FOR TELEPHONE TRANSFORMERS. 


H. J. Gakcogy, B. Se., Whit, Ex., M. I. E. E. 


T is convenient when making calculations 

concerning the transmission efficiency of 

subscribers’ instruments and cord circuits 
to consider the induction coil or repeating coil 
as represented by a network of impedances form- 
ing a T. The derivation of the equivalent T 
for a telephone transformer may be considered 
as follows: — 

These transformers have an iron core, con- 
sequently the impedance of the windings will be 
affected by the hysteresis and eddy current losses 
in the core. The conditions obtaining in an 
iron-cored transformer may be represented bv 
Fig. 1, in which the third winding with its circuit 
closed imitates the iron core losses. 

x, y and s are the currents in the primary, 
secondary and tertiary windings respectively. 

The equations for this network are : — 


E-x(r, + јо) + y(Jom;) + z(jom;) ............sssss (1) 
O=x(Jwm,) + y(ra + јо) + (јо) ................. (2) 
Oc x(jom;) Vm)  z(r,  jwls) ................. (3) 
from which it follows that 
73 + wl," 
y= * ———————— ess (4) 
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If there had been no iron losses, the conditions 
would be represented by Fig. E with the tertiary 
winding removed and equations (4) and (5) would 
be reduced to 


„ Jom. : 

у=-х ЖКД т арн (6) 

pos | ее or | NEN 0 
| т, + Jol, l 


Comparing eguations (4) with (6) and (5) with 
(7) it will be seen that the effect of the losses in 
the iron core is apparently tọ make the effective 
resistance of the primary winding. 


o Ma Ta 
nèt oèh 

(м. is the D.C. resistance). 
and its inductance is reduced to 


(8) 
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Similarly the effective resistance of the 
secondary circuit 1s increased to 


omg 
Peu xls АГ? 


ru? E 602035 

and its inductance reduced to (9) 
v? Me’ ly 
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The mutual impedance beween the primary 
and secondary circuits, according to (4) and (5), 
has a resistance component 


e ν 373 

775 + 6021032 
and the mutual inductance is reduced to - (10) 
ala 
тенот 


m, 


If the impedance of the primary winding is 
measured. with the secondarv winding on open 
circuit the result would be 


o? Mg Ts е Mala ч 
п+ = + fo — crm]. 
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The same applies to the impedance of the 
secondary winding and the mutual impedance. 


Suppose we have two coils АС and BC of 
inductance L, and L, respectivelv, with a mutual 
inductance M between them as shown in Fig. 2. 
If these two coils are joined together at C so 
that the coils in series are assisting, then this 
arrangement can be represented bv the equivalent 
T shown in Fig. 3.* This will be evident if the 
inductance between corresponding letters on the 
two diagrams are considered. If the coils are 
joined in series opposing as in Fig. 4, the 
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equivalent T will be as shown in Fig. 5. 
Similarly if the two coils are separate as in Fig. 
6, thev can be represented mathematically by the 
equivalent T of Fig. 7 or Fig. 8. This also 
applies if the impedances have resistance com- 
ponents. 


SUBSCRIBERS’ INSTRUMENT CIRCUITS. 

The transmitter may be considered to be a 
generator of alternating current and if its varia- 
tion of resistance is r, sin «/ and the feeding 
current is | then its E. M.F. will be Е = Ir, sin wt, 


* See Bibliography r. 
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neglecting harmonics. Also if the D.C. resist- 
ance of the transmitter is r and is taken to be the 
internal impedance of the generator, the con- 
ditions for a L.B. instrument may be represented 
by Fig. 9, and its equivalent Fig. 10. 

Similarly the C.B. instrument shown in Fig. 
11 may be represented bv Fig. 12 for Sending 
and Fig. 13 for Receiving. The induction coil 
is connected as an autotransformer. 


A C 
B D 


a РАМ o StM e А, P- 


-M 
è р ө 
Fia 7 


M $-M c 
M 

о 
FI.. 


Fia S 
T. P-M S-M+T 
+ T 
P M E * м 
Е 
r 
Fic. 9. FiG.IO 
2pF 
Е Р 
м 
+ 
S 
FI. 1 


The information required for the construction 
of the equivalent T’s can be obtained from the 
results of impedance tests. In making these 
tests it is necessary to keep the flux in the core 
in approximately the same condition as regards 
A.C. and D.C. as obtains in practice. In the 
case of L.B. induction coils the following tests 
are таве : — 


1. Impedance with 0.3 volt A.C. of the 
primary winding with 30 mA D.C. fed 
to the secondary winding through high 
impedance retards. 


10 


. Test repeated with 200 ohm non-inductive 
resistance in place of the retards. 


3. Impedance with 1 volt A.C. of the 
secondary winding with roo mA D.C. 


fed to the primary winding through 
high impedance retards. 


4. Test 3 repeated with 20 ohm non-induc- 
tive resistance in place of the retards. 


SaM | P+M+2KF 


435 ‘0042 4.5. 5 tyr 0042 


5818 


The values of A.C. and D. C. are intended to 
give approximately the same ampere turns for 
all the tests. In tests 1 and 3 the impedance of 
the retards is so high compared with that of the 
induction coil windings that the coil may be 
considered to be on open circuit as regards А.С. 
If Z, is the impedance of the winding as 
measured by Test 2 and R is the non-inductive 
resistance across the other winding, then from a 
consideration of the equivalent T in Fig. 8 it will 
be readily seen that 


М (S-M+R) 
M+S-M+R 


М=У/(Р-7„)(5$+К) «ee (12) 


Z,-P М + 


Similarly if Z, is the result obtained by Test 4 


М = /(5-7.) (P+R) 
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The value of M can therefore be calculated 
twice from the results of the four tests. These 
two calculated values should be equal. 

The impedances of an average L.B. induction 
coil 1% 25% are at 5,000 radians per second. 


P= 2.0+] 27.8 
S=36.2+ 7271.5 
M= 3.84] 79.5 


The tests on C.B. induction coils are made 
with 1 volt A.C. across each winding and with 
50 mA D.C. The impedances of an average coil 
at 5,000 radians per second are 


P=48+ )381 (26 ohm winding) 


S 24577534 (17 ohm winding) 
M=25 + 430 


The impedances of induction coils are affected 
very little by direct current. 


4003A REPEATING COILS. 


These coils are 1:1 ratio transformers, and as 
they are toroidal coils wound on a core of iron 
wire they have very little magnetic leakage. The 
inductance of the windings, however, is consider- 
ably affected by direct current. In order to 
obtain the equivalent T for a repeating coil at 
speech frequencies and with the values of direct 
current obtaining in practice some were tested in 
the following manner : — 


Test r. Impedance with a P.D. of 1 volt at 
the stated frequency, of winding 2—1—6—s with 
six 5L retards in series connected across the 
winding 4—3—8—7 and with a battery of the 
necessary voltage to give the value of direct 
current desired in the latter winding. 


Test 2. Impedance with a P.D. of 1 volt at 
the stated frequency of winding 2—1—6—5 
with 300 ohms connected across the winding 
4—-3—8—7 and with a battery in series with this 
resistance to give the same value of direct current 
as in Test r. 


Test 3. Same as Test 1, but with windings 
4—3—8—; and 2—1—6— 5 interchanged. 


Test J. Same as Test 2, but with windings 
interchanged. 


In order to obtain the results given below these 
four tests were repeated for several frequencies 
and with several values of direct current at each 
frequency. In Tests 1 and 3 the impedance 
obtained will be lower than the real value for the 
winding as this impedance is not negligible com- 
pared with that of the six retards in series. The 
impedance of these retards, however, was known 
under the various conditions of the tests and 
their effect on the observed values of the im- 
pedances of the repeating coil windings were 
allowed for in the following manner. 

From a consideration of the equivalent T, 
given in Fig. 8, it follows that if Z is the 
impedance of the six retards in series and P, is 
the observed impedance of the primary winding, 


M(S-M+Z) 


l DN. C pes 
then P,;,=P-M+ S_-M+Z4M 


M? 
= PS ыз =з 
S+Z 
P= Р = MS 
uu M Tw. 


But & iZ is the correcting factor which, in 


+ 
this case, is small compared with P and the error 
in P will t it ll if Ы b dt 
in P will be quite small if S > be assumed to 
q S+Z 
32 


be equal to - 
E Р,+7 
We then have the real value for the impedance 
of the winding 


The following Table 1 contains the mean re- 
sults of impedance tests made on a number of 
repeating coils 4003 A, made with a P. D. of 1 
volt at several frequencies and with different 
values of direct current flowing through one half 
of the coil. The impedances of the two wind- 
ings were found to be equal and the mutual im- 
pedance has been calculated in the same manner 
as described for induction coils. 


—  ——. 


EQUIVALENT T’s FOR TELEPHONE TRANSFORMERS. 


TABLE 


I 


IMPEDANCE OF REPEATING COILS 4003 A. 


a a 
Direct Current M.A. 


Frequenc 

Radians. __ Е 50 150 250 
рег ѕес. | = | үсе 7 

| R | L R | L R | L R L 
| | | — : 

Half Coil. | ohms Henry ohms Henry ohms Henry ohms Henry 
3000 81.5 536 77 4873 64.2 3746 55.2 2776 
5000 | 154 550 ; 138 5048 98 3740 75 | 2784 
7000 223 -534 і 197-5 | 4910 136.6 3797 96 | 2822 
10000 | 421 8389 360 4032 224 3758 147 | 2838 

— | —— — 
| ie 
Mean i 5396 | -4944 | | 3750 .2805 
— — —— i 
| H 

Mutual. ' 

3000 38 5313 32.3 4833 19.4 3704 98 22733 

9000 110 -5460 94 «5012 53 3700 | 30 | 2746 

7000 180 5294 154 4871 93.6 3759 | 52.6 2786 

10000 379 .5340 320 .4890 182 .3718 | 104.5 А 2793 

—— | | == 

Меап | -5352 | -4901 3720 | 2767 

I 
Difference between the impedance of Half-Coil and the Mutual Impedance. 

3000 435 | | 447 | 48 | 45.4 

5000 44 | 44 45 45 

7000 43 43.5 43 | 43-4 

10000 42 i | 40 i 42 | 42.5 | 

р | - : 
Mean | 43-1 -0044 | 43.0 -0043 | 43-7 | .0040 44-1 | .0038 


| | | 


Average differ 


ence 43.8 08 PM = S—M. 


Average D.C. resistance of Windings 41.5 ohms. 


The following points may he noted from these 


results : — 


1. The inductances of the windings (P and 


5) 


and the Mutual ind 


uctance are 


affected very little by the frequency of 


the testing current. 


А very slight in- 


crease with frequency was obtained, 
which is practically negligible. 
2. The difference between the inductance of 


average D.C. resistance of the wind- 
ings, 41.5 ohms. 


the windings and the mutual inductance * 
is due to magnetic leakage and de- 
creases slightly as the inductances es 
decrease, but may be taken as .0042 
henry on the average. во 
3. The difference between the effective resist- 2 
ance of the windings and the resistance 3 
component of the mutual impedance is 
the same for all frequencies and values 
of direct current, allowing for experi- “ 
mental error. This difference on the 
9 


average is 43.5 ohms and is near to the 


4. Plotting the effective resistance of the 
mutual impedance against the frequency 
squared in Fig. 14 shows that propor- 
tionality holds between these quantities. 

4 Г LHREHATTEBHHIHAGITT H HT Moda unum I 
HH ] 1124 l НЕНИ. 
ТЕН: J i] ug m r 
JUBI m HE HE 
ibn H t iti zi E 
а T HT B HHHH H 
1 HEH 
f H 1 
H апа! THHH | 
H : I Е 11 
; "m HE F ИЕ 
EH iii Sun 
| НЧ ШЕШ 
190 crreevive . 290 Resistance OHMS aog 
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5. Plotting the resistance component of the 
mutual impedance against the mutual 
inductance squared in Fig. 15 shows 
that proportionality holds also between 
these quantities. 


ИНИН 


ҮН? 
i 


оо 
° 100 crrcerive 290 Resistance > 0 noe 


6. Dividing these same resistance figures bv 
the corresponding values of m gives 
the following results :-— 


TABLE 2. 
Fre Direct Current M.A. 
quency |” =o n | 
Radians s > ! б 
рег хес. о 50 ; 150 250 


3000 .149X107* 153 X 107! | .157X10-* , .146x 1074 

5000 | .147X 10 | 150 X 1071 | .154X1074 159 & 107! 

7000 | .131X1074 | .133X 107* | .135X 1074 |. 138 X 10-4 

10000 133X 1074 | .134X 1074 | .132X 1074 | .134 X 1074 

Mean | .140X 1074 1425 X 104 1445 X 1074 | 144 X 1074 
Average = .143 x 1074. 


It may be of interest to see how the theory 
given at the beginning is borne out by the results 
obtained from these repeating coils. 

As these coils are 1:1 ratio transformers and 
have very little magnetic leakage, we max write 
when neglecting magnetic leakage 

l,—l-m, 
also m,— У 11 = y Ll. 


The impedance of each winding from (11) is 
therefore 


"mu NR 


ol, lr, : vl | 
T, + 735 + o]? 3E 1 (0 x Lp) 


and the mutual impedance from (10) is 


aoe ) NOT 5) 


wl, 15 73 
б. 2 ＋ ry wl 


2 2% 2 + % | Mm — 
Ta + wla? ы ( : 


So that the difference between the effective 
resistance of the winding and the resistance com- 
ponent of the mutual impedance is r, the D.C. 
resistance of the winding. (See 3 above). 

The eddv currents produced in the iron core 
will be proportional to the rate of change of flux 
and consequently proportional to the frequency 
as well as the magnitude of the flux variations. 
In the case under consideration, the reduction in 
the inductance of the windings as the direct 
current increases is due to the reduction in the 
permeability of the core and this inductance will 
be proportional to the permeability. The eddy 
currents are therefore proportional to the fre- 
quency and the inductance of the windings. ‘The 
watts lost due to eddy currents will therefore be 
proportional to the square of both the frequency 
and inductance. Figs. 14 and 15 therefore in- 
dicate that the core losses are due to eddy 
currents. This appears reasonable since the 
variation of flux due to the alternating current is 
very small and would not be expected to cause 
appreciable hvsteresis loss. 

Reverting to equation (r3) given above, it 
follows that the mutual impedance is 

om.r, wl,” 
77 + 02/2 752 +? ly? ) 


+ jom, ( ps 


wl, 4 JT 
= (UT. X 5 
Ts + wl,” 
m, / I 
= I I 
— + — 
Ta jols 


This latter expression means that the mutual 

impedance is equal to the two impedances jom, 
TW. 
and = n parallel. 
3 

It therefore appears that the tertiary wind- 
ing containing r;-jel, of Fig. 1 represents the 
paths of the eddv currents and that these losses 
TT. Р 
„ =G in 
1, 


parallel with the mutual inductance. 


are represented by a resistance 


Further, 
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as m, and l, are both proportional to the per- 
meabilitv of the core, the resistance G will be a 
constant quantity for all frequencies and con- 
ditions of magnetisation of the core and is 
determined only by the specific resistance of the 
core material and the dimensions of the magnetic 
circuit. 

This resistance G is shown by Steinmetz (see 
Chap. XIV., Alternating Current Phenomena) 
.507 eAl 

An? 

l=length of the magnetic circuit 
A — cross section of the magnetic circuit 
п= number of turns in the windings 
A electric conductivity of the iron core. 

є is the coefficient of eddy currents 

and for an iron wire core 
€—0.617 d? x 107° 
where @=diam of the iron wire; 
and for laminated cores 
e= 1.0450 x 107° 
where a=thickness of the stampings. 

The figures for the mutual impedance in Table 
г are in the form R & and the value of m, and 
С may be obtained as follows. The mutual 
admittance will be equal to the sum of the 


to be equal to 


where 


admittances —L— and L- 
Jom, G 
I I I 
c — ы m 
R X Jom G 
Fo om 
OREX om, ^ б 
~ R?+X? 21X2 
G= — and om, = RX Ж (16) 


From the results given in Table 1 it is evident 
that for practical purposes К° is sufficiently small 
compared with X? to write 


G= R and wm,=X 


This means that the inductance figures given 
for m, stand unaltered and that G is the 
reciprocal of the figures given in Table 2. 

The mean value for G is therefore 7.0 x 10 
ohms. The very slight increase of the mutual 
inductance with frequency as indicated in Table 
1, is probably due to a very small self-capacity 


VOL. XXI. 


in the windings. The reduction of the figures 
in Table 2 with frequency may be due to 
hysteresis losses. Both of these effects are 
negligible for practical purposes and a repeat- 
ing coils 4003A may be represented by the 
equivalent T of Fig. 16 under any condition of 
frequency, and direct current in the windings 
where the mutual inductance m, for the required 
value of direct current is given in Fig. 17. 


G HENRYS, 


2 


Жы Я E L 


О Muu- Ames ЧОО piRecT CURRENTÊOO 


REPEATING CoILs 4006A. 


In repeating coils 4003A the self-capacity of 
the windings is so small that it can be neglected. 
Repeating coils 4006A, however, are differen- 
tially wound, consequently there is appreciable 
capacity between windings 2—1 and 6—5 and 
also between 4—3 and 8—;. If it be assumed 
that the self-capacity of a winding of a trans- 
former may be represented by an equivalent 
capacity shunted across the terminals of the 
winding, the conditions are represented by Fig. 
18. A апа B are the impedances of these equiva- 
lent capacities. P, S and M would be the 
primary, secondary and mutual impedances 
respectively, if the transformer windings had no 
self-capacity. Applying the principle of the 


I 
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equivalent T the network of Fig. 19 will repre- 
sent the transformer. 

The z network of impedances consisting of A, 
P - M and M may be replaced by an equivalent 
Т consisting of X, Y and Z as shown in Fig. 20. 


е АМ „ А(Р-М). 
where X= ap? Y= d^ 
M(P-M) 


sp 

Similarly the т network consisting of X, 
J S- M and B may be replaced by an equiva- 
lent T consisting of X', Y' and Z' as shown in 


Fig. 21. 


Xi 
FIG 2l. 
[ 
Mi Pi : Ё 
Pi- Ni Si- Mi Ее. 25 
Fia 22. 
АВМ. АВ 


where XI = : V VI D (Р-М) 
А WT 
+ ту (PS- M?) 


AB «c Bol 
APRES S-M)+ — эс — 2 
2 (SM) + a (PS-M) 


where DZ(A-D) (BAS) M? ............ (i7) 


The transformer can therefore still be repre- 
sented by an equivalent T as shown in Fig. 22. 


ABM АВР | 
where М, = р: Р, = - Б 
A Qu А 
+ D (РУ ~ М?) РИК (18) 
: ABS B 
St LC 4 = (PS-M? 
Bp Oe ) | 


4 


The impedances of the windings as measured 
in the usual manner will be P' and S'. The self- 
capacity of the windings of a transformer there- 
fore does not introduce any difficulty in obtain- 
ing the equivalent T. If the impedances of the 
windings are measured in the usual manner and 
the equivalent T derived from the results as pre- 
viously described, the self-capacitv of the wind- 
ings will be automatically accounted for. 
Table 3 contains the results obtained from some 
4006A repeating coils and some transformers 
Nos. 13А and 16А with a P.D. of volt at 
several frequencies. 
The measurements made were: — 
г. Impedance of winding 2—1—6—5 with 
winding 4—3—S8—7 on open circuit. 
This is P. 
. Impedance of winding 2—1—6—5 with 
300 ohms non-inductive resistance across 
. 
3. Impedance of winding 4—3—S—7 with 
winding 2—1—6—5 on open circuit. 
This is S. 

4. Impedance of winding 4—3—8—7 with 
500 ohms across 2—1I—6—35. 

The above are 1:1 ratio transformers and if 
the mutual impedance is obtained from these 
impedance test results by means of formula (12) 
and P - M and S- M obtained by subtraction, it 
will be evident that as this is a difference between 
two large quantities, inaccuracy is likely to occur. 
It was found preferable, therefore, to obtain 
D -M directly from the impedance measurements 
from the formula 


to 


which is an approximation derived from a con- 
sideration of the equivalent T and (12). The 
results for P, - M and M, given in Table 3, were 
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calculated from the mean of the impedance tests 
obtained on the two windings, i.e., Р, is the 
mean of tests 1 and 3 and Z is the mean of tests 
2and 4. К = оо ohms. P,-M therefore is the 
mean of P- M and 5 ~ M. The average value of 
P-M and S-M for all frequencies given in 
Table 3 have been arranged so that their mean 
is equal to P. - M and the difference between 
their resistance components 1s the same as the 
difference between the D.C. resistances of the 
windings. 

On comparing these results for P M and 
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S = M thus obtained with those for 4003 & repeat- 
ing coils it will be noticed that they are very 
similar. This leads one to suggest that a 4006A 
repeating coil may be represented by a network 
similar to that of Fig. 16 for 4003A coils, but 
with capacities added to represent the self- 
capacity of the windings as in Fig. 24. 

It will be seen later that the impedance of the 
self-capacities C, and C, at speech frequencies 
will be large compared with that of P- M and 
S- M, so that the network may be modified to 
Fig. 25 where C=C, £C,. 


'TABLE 3. 


EQUIVALENT T's. FOR REPEATING COILS 40064 AND TRANSFORMERS Nos. 15А AND 16A. 
——————————————————————————————————— 


Frequency 1L | 
Radians PI-M M | 
рег sana — — — = -= =. 
second R X L R X 
Repeating Coils а дообА. 
3000 бо.1 | 15.1 .00503 800 5625 
5000 69.5 | 24.2 .00484 3200 11320 For all frequencies. 
7000 70.7 32.4 00463 10700 19800 P—M 274.64 jw.0048 
7500 | 24620 22960 S—M =66.0+ jw.0048 
8000 | 33800 2260 x . 
8500 ] 42310 6586 D.C. Resistance of P=60.9 ohms 
gooo 34220 — 11040 D.C. Resistance of S=69.5 ohms 
10000 71.8 46.5 .00465 19750 — 18715 
: — — — A 
Mean 70.3 -0048 
Transform ers 15A. 
3000 67.0 14.5 00482 769 8570 
5000 67.5 23.5 00469 2385 18020 For all frequencies. 
7000 68.2 32.4 .00463 13844 44910 Р М =74.0+ jw.00467 
7500 | 27460 60380 S—M-62.04- jo.00467 
8000 72800 79700 — =з „ 
8500 148630 5850 D. C. Resistance of P=70.6 ohms 
gooo | 93830 —67230 ‘D.C. Resistance of S=58.5 ohms 
10000 69.2 45-5 00455 19800 —50400 | 
Mean 68.0 00467 
Transformers 16А. | 
| p - "e | 
3000 44.8 16.56 00552 454 8160 For all frequencies. 
5000 45-0 27.0 0054 1257 13650 P- М = 43.2 jo. 0054 
7000 45.0 37.64 00538 4355 30220 S—M=47.2+jw.0054 
8000 10615 47730 ——- — — 
9000 37800 83250 D.C. Resistance of P=42.7 ohms 
10000 45.8 53.6 00536 144200 102200 D. C. Resistance of S=46.7 ohms 
Mean 45.2 i 0054 i 
| | 
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This is the equivalent T in which the mutual 
impedance consists of an inductance, resistance 
and capacity in parallel and is confirmed by the 
results given in Table 3, where for 4006A repeat- 
ing coils M shows a resonance between 8,500 and 
9,000 radians per second. It may be of interest 
now to consider a method of obtaining these three 
components of М. (See Bibliography No. 4). 


Р-М 5-м 


Ca pn G Ce 


v 
v 


The results for M are given in the form RN 
and, from Fig. 25, its admittance is :— 


П P 
= xx mu SS * а , 
M R+jX — jom т x 


T. NENNEN 
© IF i om + G 700 
. R i 
. RIG RE dps eem (20) 
X I 
and R24) J m. -oC 
wX I 


| | А 24X? 
G may therefore be calculated from -R 
N 
and if 5 — is plotted against o? a straight 
Roe eb 8 5 
line should be obtained and from the intercept 
T 7 wX I 
of w”, t.e., when о? = О), Ба чы “= 
RN L 


Further, the slope of this line will be equal to 
C. From the results from 4006A coils, given in 
Table 3, the calculated figures in Table 4 have 
been derived. 


TABLE 4. 


- R?4X2 wX 
2 2 £ == 25 

w w R?+X2 R ЕК? 
— — Mp ызы Es D 
3000  9xro* 32.3X 106 | 40.4 X 10? 522 
5000 25 „ 143.2 4, 44.8 „ 4025 
7000 40 „ 672 s 39.6 „ 206 
7300 56.25 1137 Е 46.2 „ 181 
8000 64 „ 1654 T 49-0 „ 110 
8300 72.3 „ 018833 „1434 5 į 0305 
9000 81 „ 1292 3 37.8 „ | —.077 
10000 100 „ 740 ay 37.5 „ | 7.253 


Mean for С = 4.48 x 104. 


" . оХ 
w? is plotted against RN 

the points lie fairly well along a straight line. 

The deduced results from Fig. 26 are m = 1.61 


henry and C=.0085 pF. 


in Fig. 26 and 


HADA Hur 
tH H 
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Hid аав ЕНН 
НЕН 
25 
eo 
t 
HH 2 
H } 
ү FI 
X HTE ЕЧ 
A is 
E H tH 
+ t1 
5 НЕНЕН ЕН 
яо ET 2 : 
1 Н 
XH t H 
е! 2 " 
ү 
L4 umm H i H 
Ei H 
РНН ii В HHE di H 
„ КЕЕ ЫЕ HHH HH d ЕН 
"6 5 4 " E 9 =A БЕЗ 


А дообА repeating coil can therefore be repre- 
sented at any frequency between 3,000 and 
16,000 radians per second by Fig. 27. 

Treating the results obtained from the Trans- 
formers 15.\ and 16A in the same way the values 
for G, m, and С were ; — 
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For Transformer 15A. 
G — 14.4 x 10! ohms. 
C= .00554 ul“. 


т= 2.5 henrvs. 


For Transformer 16. 
(1220.2 x то! ohms. 
C=00374 mF. 


m=2.5 henrvs. 


The equivalent T's are consequently as shown 


in l'igs. 28 and 29. 


TRANSFORMERS 15B, 15C, 16B and 16C. 


These transformers are similar to repeating 
coils 4006. in that their windings have appreci- 
able self-capacitv, but their ratio of transforma- 
tion is 1 :1.263 for 15B and 16B and 1 : 1.61 for 
15C and 16C. They can, however, be repre- 
sented by Fig. 18 and the effect of the self- 
capacity on the impedance of the windings is 
shown in (18). The magnetic leakage of these 


coils is small, and if it be neglected we can write 


DSM ZSO. It then follows from (18) that the 
effect of self-capacitv is to multiplv all the three 


impedances P, S and M by the same factor 


If the permeability of the core remains the 
same т; and /, in (14) will be constant with 
respect to frequency. The effective resistance 
and the reactance of each winding are there- 
fore from (r4) proportional to the inductance 
of the respective winding. Neglecting the 
D.C. resistance and magnetic leakage of the 
windings, it follows that the impedances of 
{һе windings should have the same angle and 


Secondary 


their ratio — should be equal to N? 


Primary 
where N is the ratio of transformation, seeing 
that the inductance of a coil winding is prc- 
portional to the square of the number of turns it 
contains. Evidently, therefore, the impedance 
of the windings P and S of these transformers 
now being considered will have equal angles and 
their ratio will still be N? at any frequency not- 
withstanding their self-capacitv. It is conse- 
quentlv convenient in the case of these trans- 
formers to consider their equivalent unitv ratio 
transformer.* If the ratio of the secondary 
winding impedance to the primarv is N^ then 
the equivalent T for the unity ratio transformer 


* See Bibligraphy No. 2. 


will consist of P- M LAN M and M as 
N N? N N 


shown in l'ig. 39 and the impedance connected 
to the secondary winding must be divided Бу №. 


62-0 +j 00467 


74o +7 00467 


Fra 28. р А т 4 (SA 


45˙2 % 0054 472 0084 


Fia 29, Срам T for Cep са. 


Р-Н ÀN 
ш. 
ч 
ig $0. 


This equipalent ratio will be correct only if the 
D.C. resistance of the windings is small com- 
pared with their impedance and the magnetic 
leakage is small. 
= 
In obtaining the equivalent T for these trans- 
D 

formers the same four tests were made as for 
4006.V repeating coils. These measurements 


are :— 
P=impedance of winding 2—1—6—5 
S= ^" » ” 4—3—5—7 
Z= T T т 2—1—6—5 with 


300 ohnrs across 4—3—S—7. 


Z,=impedance of winding 4—3—8—; with 
300 ohms across 2—1—6—5. 


The mean of the results obtained on some 
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transformers 16D are given in Table 5, with the 
ratio N? calculated from the effective resistance 
and reactance figures. "The values obtained from 
the reactance figures are probably the more 
nearly correct as the effective resistance is usually 
much the smaller figure, excepting at frequencies 
near the resonance point. 

For the same reason that P — M was obtained 
direct from the impedance test results in the case 


N 


of 4006 A coils, it is desirable to obtain Р ~ 


S M 


N? N 


corresponding formula аге : — 


апа 


in a similar manner, and the 


p M Z, (S+R) R 
N 28 2 N , 
EE (22) 
S M Za (P+R) R 
N М 2PN2 7 2 
where R = 500 ohms in this case. 
Tl values ot P са а = x, thus 
е values o = у and qs N thus 


26:5 +)>'005% 


BOO~ re COBB 


М? = 60 


Y 


т * W (6B. 


255 +ко OT 


Фе , T (ov Repone СС 


obtained from the impedance test resulis together 


with the corresponding values of 


in ‘Table б. 


TABLE 5. 


IMPEDANCE TESTS 


OF TRANSFORMERS 


10. 


М 
М 


| 
| 
w P 5 М? 
5 ee Tue ees = 
| R x R : X Prom R Form X 
E — | ME 
3000 | 327 4550 485 7185 1.49 1.57 
5000 733 8045 1120 | 13 100 1.535 1.65 
7000 2120 | 15100 3250 22380 1.54 1.58 
8000 i 3950 20900 6150 ' 33300 1.56 | 1.50 
9000 9300 | 32000 14830 | 51400 ; 1.595 | 1.60 
10000 40200 53900 | 63000 | 87400 1.57 i 1.62 
| | Mean 1.60 
А i 
TABLE б 
p-M S M ES 
Im n жие ы . uei 
N N? N R x 
ioe E ia Ж: | i | 
1000 26.2 ＋ jw.0033 29.54-]0.0037 300 | 4540 
5000 26.2 + jw.0033 29.5+Jw-0034 705 8030 
7000 | 26.2 + jw.0033 29.54-j0.00325 2094 15080 
10000 | 26.5 -јо.0033 31.0-+ jw.00322 40200 53870 
Mean 26.3 + jw.0033 30. j. 034 


are shown 
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After obtaining N by subtracting the results 


for P E from those for P and applying the 


method described for 4006A repeating coils, the 
hree c ki M have b 
three components making up w have been 


The 1 1.20 
C=.00045 д and G fro ohms. 


calculated. results are henry, 
The 
equivalent unity ratio T for transformers 16B and 
16C is therefore shown n Fig. 31. 
Treating the results obtained from the other 
types of transformer in the same way the follow- 
ing equivalent T's have been obtained :— 


344b pe 0057$ 


335-54420037 
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THE NEW TOLL EXCHANGE, LONDON. 


INCE the opening of the first Toll 

Exchange in Norwich Street, London, 

E.C.4, in 1921, the development of Toll 
traffic has shown a continuous increase. The 
facility provided by a plant capable of handling, 
on a non-waiting basis, telephone calls to and 
from subscribers within a radius of fifty miles 
of London, soon came into favour with the 
telephoning public. The growth of traffic 
through the Norwich Street Exchange has more 
recently been of the order of twenty per cent. 
per annum, and the consequent steady addition 
of lines brought into this exchange to meet 
traffic requirements has absorbed the whole of 
the accommodation available. During the 
summer of 1925, an extension of 25 positions 
was installed, but this was merely to meet 
immediate demands. 
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Meanwhile, consideration had been given to 
increasing the capacity of the Toll handling 
equipment and it was decided that the most 
effective means of achieving this would be by 
building a new exchange to deal with outward 
Toll traffic from London, reserving the Norwich 
Street plant for inward Toll business. 

Such an exchange has now heen completed 
and was opened for service at 2 p.m. on Satur- 
day, the 3rd December, 1927, with 796 junctions 
from and to London local exchanges and 743 
lines to the Toll area, the latter number being 


mainly circuits transferred from Norwich Street. 

The new exchange, known as " Toll А,” is 
situated in the General Post Office (South) 
building: in Carter Lane, E. Ci, anu is a 
distance of half a mile from the Norwich Street 
premises now known as Toll B.” 

METHOD oF ROUTING or Torr TRAFFIC. 

A brief description of the method of routing 
traffic through the new Toll Exchange may now 
prove of interest. It will be recognised from 
what has alreadv been said that the Norwich 
Street Exchange is interdependent in this 
consideration of the routing adopted. 

The present incidence of Toll traffic in the 
London zone is defined in annular areas centred 
around Oxford Circus, and the diagram, Fig. 1, 
indicates the routing of the various classes of 
such traffic. 


Fic. 2.— MAN Swircungoowv, 


The new exchange, Tol A, receives on 
“ Control" positions, where the telephonists 
prepare the tickets and control the connections, 
all calls from within the five mile circle to 
exchanges in the D area and to certain centres 
in the E area. 

The traffic from the X area to the C area, from 
the B to the C and D areas and from the C to C 
and the D areas is handled on “ Through ”’ 
positions, the ticketing of the calls being done 
at the originating exchange. Calls between D 
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area exchanges where direct lines аге not 
provided are also dealt with on the Through 
positions, bothway circuits being available in 
these cases. 

Conversely calls from the D area to exchanges 
within the ten mile circle are passed through 
Norwich Street (Toll B), while calls from the 
C area to these same exchanges are routed 
through Tandem. 

number of groups of Provincial circuits 
hitherto terminated in the Trunk Exchange 
has been transferred to Toll X. thus virtually 
extending the Toll area. The exchanges con- 
cerned are Aldershot, Camberley, Chatham, 
Horsham, Leigh-on-Sea and Southend. 

There is also connected. to the new Toll 
Exchange a circuit to each of certain Trunk 
centres in the Поте Counties where there is 
sufficient Toll to Trunk traffic to justify direct 
lines. Such places are Cambridge, Canterbury, 
Hastings, Ipswich, etc. 

When through anv abnormal circumstances, 
such as pressure of trathe, breakdown, elc., 
delay arises in completing connections on a Toll 
route, the calls are passed by order wire from 
the regular position to а Delay position where 
the telephonist tickets the calls and completes 
them seriatim as reverted calls, as is done in 
Trunk procedure. 


DESCRIPTION OF THE EQUIPMENT. 

The switchrooms in the new exchange occupy 
the whole of the fifth floor of G.P.O. (South), 
a space of 8,250 square feet. Fig. 2 is a view 
of a part of the main switchroom. 


The I.D.F., apparatus racks, power distribu- 
tion and fuse board are accommodated in a room 
on the fourth floor, while the test desk of four 
positions, Fig. 3, and M. D. F. are on the ground 
floor. 

Power is obtained from the Central Exchange 
main 24-volt batteries, which have been in- 
creased in capacity, and from smaller subsidiary 
cells (1000 . II.) to provide a voltage of 30 
for line signalling purposes on the Toll cord 
circuits. The City Exchange main battery in 
the same building has also been increased in 
capacity and is available in case of emergency 
for Toll use. 

It mav here be mentioned that the old charg- 
ing plant in the City power room has been re- 
placed by а motor-generator of modern type 
fed from the 440-volt., 3-phase supply, and 
giving an output of 1200 amperes at 37 volts. 
A small motor-generator worked off the same 
supply has also been provided to charge the 
subsidiary 6-volt. batteries already referred 10. 
In the Central power room the existing 1000- 
ampere generator has been retained, but the 
motor has been replaced by one similar to that 
provided in the new motor-generator in the 
City plant. 

The switehroom equipment. comprises 138 
Control positions, 29 Through positions, 2 
Delay positions, 1 Service and 1 Fault position. 
МЇ sections аге of the standard С.В. No. 1 
type of framework. 

There are also а 14-position Information Desk, 
Vig. 4, a service observation desk, five supervi- 
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sors’ desks and a meter cabinet for registering 
effective and inelfective calls. 


CONTROL POSITIONS. 

The Control positions, a section of which is 
shown in Fig. 5, and a rear view in Fig. 6, 
have an equipped capacity for 1,580 jack- 
ended junctions from London exchanges in the 
V area, a six-panel multiple of 2,800 jacks 
covering lines to the C, D and E areas, service 
circuits and miscellaneous lines to the Informa- 


4 


“POSITIONS. 


fig. 5.— Tyricar, NECTION, “ CONTROL 


tion Desk. Each position is provided with ten 
cord circuits, each cord circuit being fitted with 
speaking and ringing kev, time check key, 
supervisory lamps and a time check lamp. 
There are 40 order wire keys for Toll and C 
area groups and service lines and two kevs for 
effective and ineffctive metering. Each position 
is fitted with a Veeder clock immediately behind 
the register keys. 

These clocks are of compact construction and 
project through the kevboard displaving the 
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time in figures through a small rectangular 
aperture, similar to that of the ordinary ex- 
change meter. The clocks are electrically 
driven from a master clock with six-second 
propulsion through groups of relays. 

It may here be mentioned that ordinary 
electrical display clocks are fitted in the switch- 
rooms, but are driven from the main master 
clock for the building, thus providing an 
alternative time service in the event of failure 
of the Veeder clocks. 

The time check circuit is given in Fig. 7. The 
time checks, of which 1,600 are equipped, con- 
relays ST and D, the former 
operating. contact springs and the latter а driv- 
similar to that in the 


sist of two 


ing pawl somewhat 


Fic. 6.—Кклк view oF CONTROL POSITIONS. 


The time checks 
are of a very compact type and are mounted on 
racks in the apparatus room with the L and К 
relavs referred to in the diagram. 

To operate the time check the telephonist 
pushes forward the time check key of the cord 
circult associated. This key, which is of the 
lever type, provides the battery for energising 
the ST coil and also completes the seconds 
impulse circuit from the master clock referred 
to in the description of the Veeder clocks. The 
ST coil, through the movement of its armature. 
closes the springs above that coil and at the 
same time operates the pivoted lever, which 
disconnects the lamp circuit and closes the 
driving circuit through the other set of springs 


ordinary subscriber's meter. 
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shown in the diagram. J) is then energised 
bv means of the seconds impulses received from 
the contacts of the K relay associated and the 
in unison. At the first 
step the original earth connection is broken at 
the P spring on the wheel train, but ST remains 
energised through the earth provided on its own 
springs. At the end of the 180 impulses (3 
minutes) the projection on the wheel trips the 
hinged lever upwards and knocks the bottom 
pawl away from the toothed wheel. The springs 
associated with the lever and the toothed wheel 
restore normal. The armature of .ST, 
however, is still operated and the time check 
lamp lights. To operate the time check for a 
turther three minutes period, the key 
momentarily restored to normal to allow the 
armature of ST to fall back and thus reset the 
time check. The earth on the P spring is to 
ensure that the time check will only operate 
when the driving wheel is in its normal position. 
Besides the usual panel pilot lamp, there are 
on the Control positons an Instruction circuit 
pilot and a Register pilot. Accessories such as 
a ticket holder and tray for each position and a 
spring ticket clip in front of every cord circuit 
complete the kev and cord shelf equipment. 
Each of the incoming junctions is provided 
with an ancillary answering equipment, the 
primaries being in the 2nd, sth and 7th panels 
of each section and the secondaries in the rst, 
4th and 6th panels. To avoid congestion only 
five jacks in each strip of ten primaries are 
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Time CHECK CIRCUIT. 


used, the remaining five being in another strip 
The panel 
arrangement is clearly shown in the photograph, 
l'ig. 8. 

Night concentration equipments for 330 of the 
incoming circuits are also. provided on а suite 
of 45 control positions. The night concentra- 
tion jacks are on the ist and 4th panels of these 
The black keys seen in Fig. 5 above 


below with diagonal displacement. 


sections. 
the incoming primary jacks are the concentra- 
tion keys and are of the usual plunger type. 


8.—ConTROL PosrrioNs—lNCOMING CIRCUITS FROM 
С.В. амр Auto-Manuat Positions. (C.B. 1278). 


lic. 


Vig. 8 gives the calling equipment for a junc- 
tion incoming from а С.В. exchange or 
automatic exchange manual board, and Fig. 9 
the circuit for an incoming junction dialled out 
from an automatic exchange. In both cases the 
ancillarv and concentration facilities are shown 
and in Fig. 9 provision is made for giving 
ringing tone back to the calling subscriber. 


144 THE NEW TOLL EXCHANGE, LONDON. 


The object of the 20000 ohms resistance across 
the 4 m.f. condenser in the latter circuit is to 
maintain a“ wet ° condition at the contacts of 
the CO relav during conversation. 
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Fic. Е.—Сомтко. POSHTIONS S- IN COMING CIRCUITS. DIALLED 
OUT FROM AUTO Exs. (C. B. 1279). 


When regular answering circuits are termina- 
ted on positions which are also used for 
concentration the key shown in Figs. 8 and 9 
is omitted, together with the concentration jack, 
and terminals numbered 4 and 5 are strapped to- 
gether. This remark applies to the other jack- 
ended junction terminations to be described. 

The regular, ancillarv, concentration and 
auxiliary calling equipments have been separate- 
lv wired as units to the I.D.F. to facilitate 
rearrangement arising from constantly chang- 
ing conditions at distant exchanges. 
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Fic. 10.—Сохтко. Positions—Uorpd Скачат, (C. B. 1276). 
Answering С.В. Manual—Toll Ex. Control. 
Answering Auto dialled out—Toll Fx. Control and 
Operator hold. 


The cord circuit used on the Control positions 
is given in Fig. 10. It shows the relays operat- 
ing the supervisories, HJ and LA, when the 
cord circuit is used to answer a C.B. manual 
exchange and IA when the subscriber at an 
automatic exchange to which the cord is con- 
nected has cleared, HJ and LA not being 
actuated. In the latter case the 4 pF. condenser 
shown in Fig. 9 prevents the operation of LA 
and the metering relay at the automatic ex- 
change. 


The current flowing through relay IA when 
the subscriber hangs up operates the holding 
relav at the automatic end. 

30o-volt. line signalling with condensered 
repeating coils and balanced impedance coils 
and relavs is used. 


THROUGH POSITIONS. 

The Through positions (Fig. II shows a sec- 
tion) have equipments for the accommodation 
of 870 jack-ended junctions, and аге not 
provided with ancillary terminations. These 
will carry circuits incoming from the A, В, C 
and D areas. As in the case of the Control 
positions the jacks and calling lamps occupy 
only the alternate positions in each strip, two 
strips of 10 Jacks and lamps being provided on 
most panels and on certain panels, three. 

Night concentration. equipments, боо in all. 
are fitted for that number of incoming circuits 
on ten of the Through positions. 

The outgoing Toll and service multiple is 2 
continuation of that on the Control positions. 


Fic. 11.— Tveicar Section, '* Тикоусн ’’ Positions. 
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The kevboard equipment consists of 17 pairs of 
cords with speaking and ringing keys, and 
register kevs. No provision is necessary for 
Veeder clocks, time check keys and lamps and 
ticket travs. 
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Fic. 12.—Turocem POSITIONS— INCOMING CIRCUITS FROM 
С.В. ExcuaNGEs. (С.В. 1281). 


Fig. 12 gives the calling equipment for the 
incoming circuits terminated on the Through 
positions and Fig. 13 the circuit for the termina- 
tion on these positions of the bothwav lines. 
300 bothwav auxiliary equipments have been 
provided. 
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Fic. 13.— FuROH n Posttions—Botuway CIRCUITS TO 
C.B. ExciaNGES. (С.В. 1280). 


It will be seen in both Figs. 12 and 13 
that an incoming call is indicated through the 
medium of relay L, but in the case of the both- 
wav circuit the sleeve connection of the cord 
circuit plug energises CO, then LB which con- 
nects the battery for the engaged test on the 
bushes of the outgoing junction multiple jacks. 
On the other hand if the circuit be taken for 
an outgoing call, relars OC and OB switch 
awav the line from the incoming equipment. 


Fic. 14.— l'iigovon Positions—Corn CIRCUIT. 


(C.B. i289). ANSWERING J. E. JUNCTIONS, THROUGH 
SIGNALLING, DISTANT CONTROL, 


The cord circuit used on the Through posi- 
tions is that shown in Fig. 14. The arrange- 
ment provides for through operation of the 
supervisory signals from the distant Toll 
Exchange by means of relays LC and T. 

Fig. 15 gives the cord circuit provided on the 
Service and adjacent position and on the Fault 
position. It is of a universal type and combines 
the facilities available in the Control and 
Through position cord circuits. 


auf. 
LACES 


bilem 
37 


a CS 


Fig, 15.— UNIVERSAL CORD CIRCUIT—SERVICE. AND 
Circuits. (C.B. 10259). 


PLUG-ENDED ORDER WIRE JUNCTION POSITIONS. 


A suite of eleven positions will be equipped 
very shortly with 30 plug-ended junctions per 
position for use in connection with incoming 
order wire circuits. These lines will be from 
London and Toll area exchanges where the 
groups of lines are sufficiently large to justify 
order wire working. Fig. 16 indicates the 
circuit termination to be provided. The manual 
ringing kev is provided for emergency purposes. 
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Fic. 16.—1хсоміхс PLUG-ENDED ORDER. WIRE 
Faurr Positions. (С.В. 1277) 


OUTGOING Тош. MULTIPLE; GROUP ENGAGED 


TONE. 


Fig. 17 shows the arrangement provided in 
connection with the outgoing Toll multiple to 
give group engaged tone. In previous installa- 
tions having this facility special jacks, опе to 
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each group of five multiple jacks, have been 
necessary to supply the engaged tone. This 
was to prevent interference between the engaged 
tone and plugging-up tone. In the new Toll 
Exchange, however, the whole of the actual 
multiple jacks are utilised in the arrangement 
illustrated, the bush of the first jack in the 
group of five being the one to have tone con- 
nected to it when all the five circuits 
are engaged. Interference between the tones 
has been avoided by providing special plugging- 
up cords for use in the first jack of a group. 


INTERMEDIATE IN GROUP LASTIN GROUP 


Ate Lh 
; | ET n Г BO FREES ove 


Fic, 17.—(GRoUr &vGackD. ‘Tone Circum. 


ROUTE INFORMATION CIRCUITs. 


In order that the telephonists on both the 
Control and Through positions may rapidly ob- 
tain information as to the routing of calls two 
route information enquiry circuits have been 
provided from all positions to the Information 
Desk. The circuits are terminated on two 
operator’s instrument jacks at the rear of the 
desk and are also multipled on a lamp and jack 
equipment on each of the 14 positions of the 
Desk. 

To deal with route enquiries expeditiously 
the circuit arrangement provides to meet three 
conditions of traffic: (a) Both circuits may be 
used on a ring-down basis, any operator on the 
desk taking the calls. This is usually during 
the slacker periods of the day and at night. 
(b) One operator, at the rear of the desk dealing 
with route enquiries only, is able to take both 
circuits by plugging her telephone set into the 
instrument at the rear of the Desk. (c) Two 
such operators at the rear of the Desk mav take 
one circuit each at periods of pressure. 

Fig. 18 gives the circuit arrangement of the 
route information equipment. Each main 
switchboard position has two keys in the order 
wire group, one black and the other white, 
marked Inf. The depression of either kev 
operates relay G through contact G3, and if the 


circuit is not already occupied at another posi- 
tion, that is, there is no earth on the test wire, 
the earth connection shunting relay B is re- 
moved at G3 and B operates in series with G. 
The operator’s telephone circuit is now connec- 
ted through Br and 2 to contacts 1 and 2 of 
relay O, which is energised when the telephone 
plug is in the instrument jack already referred 
to at the rear of the Information Desk, condi- 
tions (b) and (c). 

It will be noticed that the depression of the 
Inf. kev also puts an earth through contact B3 
on to the test wire, which serves to prevent a 
second operator entering the same circuit. 


Main Switchboard CB.1283. 


Information Desk. 
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Fie. 18.—ROUTE INFORMATION CIRCUIT. 


Had the route information circuit been en- 
gaged, however, an earth cənnection would 
have already been on the test wire and the B 
relay would not energise. In such circum- 
stance, tone via the springs of relays B and G 
would be received by the calling operator. 

If one telephonist only is in attendance at the 
rear of the desk and, therefore, the relay O in 
circuit No. т only is actuated, it will be evident 
from the diagram that enquiries on circuit No. 2 
will come through to the first operator, the two 
circuits being connected in parallel by the 
contacts of O in line No. т. 

When the second route enquiry operator in- 
serts her instrument plug the second O relav 
is energised and separates the two circuits 
and their test wires. 

The whole of the circuit arrangements and 
lav-out of equipment was designed by the Post 
Office Engineering Staff. "The installation, to- 
gether with the enlargement of the charging 
plant, was carried out by Messrs. The Standard 
Telephones and Cables, Limited, who have 
kindlv provided the photographs illustrating 
this description. 
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were nothing like so bad as they are at 
present, the British Post Office came to 
the conclusion that it would be desirable to re- 
place the road-van service it was then using by 
a more up-to-date method of transporting the 
letter and parcel mails between the principal 
post offices and railway stations in London, with 
a view both to accelerating the service and con- 
tributing to the reduction of the street 
congestion. & committee was therefore ap- 
pointed in igog, to consider the question in all 
its bearings; it decided that the best results 
would be obtained by employing an automatic 
system with electrically-operated trains without 
drivers, control being effected from special 
cabins at the various stations along the line. 
A scheme embodying these ideas was 
accordingly prepared in detail, the first contracts 
were let, and the tunnelling work was started 
just after war broke out. This world catastrophe 
naturally necessitated a change in policy. It 
was decided, however, to complete the tunnel- 
ling. No further progress was, however, made 
until after the Armistice, the tunnels being 
meanwhile employed for storing works of art. 
Soon after the end of the war, tenders were 
invited for the electrical equipment of the rail- 
way, the specifications laying down a complete 
scheme but permitting alternative proposals to 
be put forward. The prices ruling at that time 
were, however, such to render it probable that, 
if the tenders received were accepted, the cost 
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would adversely affect the economic soundness 
of the scheme; and it was not until 1924, there- 
fore, when costs had fallen considerably, that 
contracts were placed for the electrical equip- 
ment, rolling-stock, conveyors, lifts and other 
necessary apparatus. 

[t may be mentioned here that the consulting 
engineer for the civil engineering work and the 
track construction of the railway was Mr. Harley 
H. Dalrymple-Hay, M. Inst., C.E., of Regent 
Street, London, a similar function for the equip- 
ment being exercised, first by Sir John Snell, 
G. B. E., until his appointment as Electricity 
Commissioner, and then by Mr. A. M. Sillar, 
M. Inst., C.E., of Victoria Street, Westminster. 
Major H. C. Gunton, M.B.E., Principal Power 
Engineer of the Post Office, representing Col. 
T. F. Purves, O.B.E., Engineer-in-Chief, has, 
in conjunction with Mr. Sillar, been responsible 
for the electrical equipment, rolling-stock, 
conveyors and lifts. To these gentlemen, and 
to Messrs. W. H. Powell and J. R. Kingston, 
we wish to express our thanks for their assistance 
in the preparation of this article. 

Mr. Evan Evans, whose services were 
temporarily placed at the disposal of the Post- 
master-General for the purpose by the London 
Underground Railways, occupies the position of 
Manager of the railway, and amongst other 
improvements, which were incorporated at his 
suggestion, was the employment of the contain- 
ers, described later. Major W. G. Carter, 
M.C., of the Post Office Engineering Depart- 
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ment, is the Executive Engineer, 
responsible for the maintenance of the 

The extent of the railway, which 15 now run- 
ning, is shown on the accompanying тар 
(Fig. 1); the total length, as at present construc- 
ted, is 64 miles. 

Tenders for the necessary civil engineering 
work were invited in 1912, the contract for the 
tunnelling being let to Messrs. John Mowlem 
and Company, Limited, and for the station plat- 
form construction and permanent way to Messrs. 
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Charles Brand and Son, both of London. 
Tunnelling was actually commenced on October 
16th, 1914, and finished, except for certain 
works at Mount Pleasant car sheds, and at 
Paddington and Liverpool Street, in 1917. The 
station platform and permanent wav contract 
was commenced in December, 1925. Before 
going into details, it may be as well to make a 
general statement on certain factors which 
determined the civil engineering construction 
of the railway, 
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The gauge that would most conveniently carry 
rolling-stock of sufficient capacitv to handle the 
required traffic is 2 ft.; this is the first perman- 
ent 2-ft. gauge railway in this country. The 
minimum size of the tunnel between the stations, 
which would accommodate a single track of this 
gauge and give the necessary clearances, was 
one of 7-ft. internal diameter. In order, how- 
ever, to economise expenditure, it was decided 
to run both tracks in one tunnel between the 
stations. The minimum size tunnel requisite 
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for this purpose on straight runs, and assuming 
that no curves would have a less radius than 
400 ft., was one of g-ft. internal diameter. 
This gave the necessary clearances, and was 
therefore the size finally chosen. Аз, however, 
at the stations the platforms are of the island 
tvpe, like those of the tube railways, two 
tunnels were necessary, and 7-ft. tunnels were, 
therefore, constructed for a short distance from 
the end of each station tunnel to the commence- 
ment of the g-ft. tunnel, the connection between 
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the two diameters being made by step-plate 
junctions. In the stations themselves, 
accommodation had to be provided, not only for 
the platform line, but for a through line, and 
at the West Central District Office, Mount 
Pleasant and King Edward Building for a 
running round loop line as well, making three 
tracks in all. At these three-track stations, the 
internal diameter of the station tunnel is, there- 
fore, 25 ft., while at the other stations it is 
21-ft. 24 in. To provide for sliding and loop 
connections it was also necessary in some cases 
to construct tunnels varying from the standard 
diameter of 9 ft. up to r9 ft., and even from 
10 ft. to 25ft. 


Fic. 2.— DOUBLE TRACK IN 9 FEET TUNNEL. 


Generally speaking, the running tunnels, of 
which an illustration is given in Fig. 2, between 
the various stations were driven by the ordinary 
method of the Greathead shield. The short 
lengths of tunnels forming the station were 
excavated by hand mining, a method which 
presented no difficulty in the London clay. 
After excavation, the whole of the work was 
grouted with pure Portland cement. 

In addition to the tunnel proper, permanent 
shafts were provided at all stations for giving 
access to the platforms, bv means of convevors, 
lifts and staircases, from the basement level of 
the various Post Office buildings and main line 
railway stations. These shafts generally have 
an internal diameter of 12 ft. They are of the 
usual construction, and were sunk by under- 
pinning and lined with cast-iron segments. 
At Mount Pleasant and King Edward Building, 
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which are two of the busiest stations on the 
railway, some of the shafts are 14 ft. in diameter. 

Intercommunication between the island plat- 
forms is obtained by cross-passages of roft. 
internal diameter, while other works include the 
lay-by sidings at each end of the stations at 
Paddington, King Edward Building, and the 
Eastern District Office, as well as at the eastern 
end of Mount Pleasant station. 

Coming to the track, the running rails are of 
British standard section No. 35, weighing 
35 lbs. per yard, and are secured to oak sleepers 
by # in. coach screws. This heavy design has 
been adopted, in order to reduce the mainten- 
ance work. The sleepers themselves are 
embedded in the concrete of the tunnel invert 
and are 3 ft. 6 in. long, their section being 7 in. 
by 31-0. Great attention was paid to the 
question of curvature. On the running round 
loops the minimum radius of curvature is as low 
as 60 ft. 

Dealing now with the electrical equipment, 
it may first be mentioned that the main contract 
for this important portion of the railway was 
let to the English Electric Company, of Lon- 
don. The E.H.T. and L.T. cables, other than 
those incorporated in the Control System, were 
supplied by the British Insulated Cables, Ltd., 
as sub-contractors. The track equipment 
proper, for which Messrs. Robert W. Blackwell 
and Company, Limited, of London, were sub- 
contractors, includes a mild-steel conductor rail 
of channel section, weighing 15 lb. per yard, 
which was supplied in 3o ft. lengths. Its 
conductivity is 1.8 microhm per yard. The 
conductor rails are supported оп insulators, 
placed about 8 ft. apart, so that the upper 
surface of the rail is 3 in. higher than the face 
of the track rails, and the contiguous lengths 
are secured to each other by tapering steel fish 
plates 12in. long, bv 2 inch thick, by g inch wide 
at the top and 13 inch wide at the bottom. 
Ramps are provided at all places where the 
conductor rails are discontinuous, these being 
formed by bending down the conductor rail 
ту in. in a length of 1 ft. 6 in. In the platform 
sections the conductor rails have a lead of 2 ft. 
6 ins. over the track sections, so as to allow 
sufficient braking distance and to ensure that the 
train comes to rest in the centre of the platform 
berth. 
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At places where the conductor rail is inter- 
rupted continuity is ensured by the use of 
0.1 Sq. in. jumper cables, which are fixed so 
that all live metal is kept clear of the track 
foundation and track rails. Two sizes of solid 
head bonds are used. Those for the track rails 
have a span of 7i in. between the bond hole 
centres and those for the conductor rails one of 
141n. In both cases the bonds are of the 
standard flexible type. Two bonds are used 
for each conductor rail joint. The track rail, in 
addition to being bonded at the joints, are cross- 
bonded at intervals of about 100 vards bv means 
of special bonds, which are connected to the 
cast-iron tunnel. 

'The conductor rails are divided into sections 
and one of the track rails is track-circuited 
throughout to form a control section. In order 
to increase the capacitv of the earth return, with 
a view to keeping within the drop of pressure 
recognised bv the Board of Trade, bare copper 
cables are laid throughout. 

Supplies of electricity for operating the 
traction and other equipment on the Railway 
are drawn from the mains of the Citv of London 
Electric Lighting and the Charing Cross and 
City Electric Companies, the point of entrv in 
both cases being a sub-station adjoining the 
Post Office sub-station at King Edward Build- 
ing. These supplies form part of the electricity 
taken from the undertakings bv the Depart- 
ment for general power and lighting purposes, 
and are given on the three-phase svstem at a 
pressure of 11,000 volts. and a frequency of 50. 
This pressure is stepped down to 6,600 volts 
by a bank of three 1,000 kV.-A. single-phase 
transformers with a total capacity of 3,000 
kV.-A. which are installed in the sub-station we 
have just mentioned. The 6,600 volt. side of 
these transformers is connected to duplicate 
'bus-bars, change-over switchgear being pro- 
vided, so that the supply mav be taken from 
one or other of the two undertakings in alter- 
nate months. The duplicate "bus-bars in King 
Edward Building are connected to the Post 
Office sub-station at Mount Pleasant, where the 
*bus-bars are in duplicate, by о.т sq. in. 
feeders, which are in triplicate. A supply is 
also given from the King Edward Building sub- 
station through two 0.0225 sq. in. three-core 
cables to the railway sub-station at Liverpool 


Street and from Mount Pleasant, through two 
0.06 sq. in. three-core cable, to the railway sub- 
station at the Western Parcels Office. At 
Mount Pleasant the converting plant is 
accommodated in an existing sub-siation. In 
other cases the traction equipment is placed in 
the invert of the large tube which forms the 
railway station. The feeders are protected bv 
an overload circuit breaker at each end. 

In each traction sub-station the 6,600 volt 
three-phase supply is first converted to direct 
current at 440 volts. For this purpose two sets 
of the 133-kW. single-phase transformers аге 
used, making a 400-K W. bank, which is connec- 
ted in delta on the E.H.T. side and in six-phase 
star on the low-tension side. This bank is 
connected to а 400-kW. rotary converter. The 
rotaries are shunt-wound and are fitted with 
commutating poles and damping  windings. 
They are self-synchronising, and a pony motor 
is used for starting. There are sixteen of these 
sets in all, and they were all manufactured by 
Messrs. Newton Brothers (Derby), Limited. 

А supply to the motors for operating the 
lifts, convevors, and ventilating plant and the 
lighting circuits is also given from the 440-volt 
*bus-bars, either direct, in the case of the sta- 
tions where there are sub-stations, or through 
0.5 sq. in. mains and distribution switchboards. 
Finallv these two sets of 'bus-bars are connected 
through а 0.5 sq. іп. and o.r sq. in. cable 
respectively to the 440-volt and 150-volt sections 
of a contractor rack, from which О.г sq. in. 
and 0.04 sq. in. cables supply the different sec- 
tions of the conductor rail in that railway 
station zone. | 

The rolling stock consists of steel motor 
wagons, which are made up into trains of two 
or three wagons. Each wagon is capable of 
carrying a load of 1,120 lb. The electrical 
equipment of these wagons is simple, consisting 
principally of two 22-h.p. 440-volt, direct- 
current series motors, which are connected 
permanently in parallel. It also includes a 
resistance in series with each motor, which is 
permanently in circuit, and a set of electricallv- 
operated braking equipment and reverser. The 
whole of the operation of the trains is automatic, 
control of the starting and stopping being effec- 
ted from switch cabins at each station. No 
drivers are required. 
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The wagon motors are energised in the 
ordinary way from the conductor rail, which 
is divided into sections, each section being con- 
trolled either by automatic track circuits on the 
sections between the stations or by levers work- 
ing under track circuit control in the station 
areas. These levers are concentrated in the 
various switch cabins. To start the train, its 
proper route is set up, as described hereafter, 
and the conductor rail is energised at 440 volts, 
so that it runs off down a falling gradient. 
The same pressure is employed on the conduc- 
tor rails through the tunnel, the maximum speed 
reached being about 35 m.p.h. When the 
station is approached, the train enters a section 
on а rising gradient in which the conductor rail 
is dead, and is brought to rest bv the automatic 


Fic. 3. — KELA Y CABINET Contactor RACK AND 
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operation of the brakes. After a short interval 
the conductor rail in this section is energised at 
440 volts and remains energised at that voltage 
for a predetermined time, which is sufficientlv 
long to give the train a good start. At the end 
of this period the voltage is reduced to 150 volts, 
and the train runs into the station under this 
pressure. Here it either enters a dead berth 
section and is brought to rest by the brakes 
alongside the appropriate platform, or passes 
on to a through section, if it is not to stop at 
the station. 

Operation in and out of the sidings is effected 
at a pressure of 440, 250 or 150 volts, this 
depending upon the lay-out of the siding and 
its approach. 


The relay cabinets and contractor racks 
holding the gear (see Fig. 3) for operating the 
various circuits are placed in the tunnel inverts 
under the station. It will be convenient here 
to say something further about their operation. 

When the route lever is pulled to the point- 
operating position, current is supplied to the 
point contactor coils. This causes the point 
contactor to operate and to close the 150 volt 
circuit of the point motor. On completion of 
the point movement the circuit through the 
point detector contacts is closed, together with 
the corresponding coil of the point detector 
relay, thus closing all the contacts in circuit, 
which require proof of the reversal of the points. 

The operation of the track circuiting system, 
by means of which current is supplied to the 
conductor rails in the tunnel sections, may be 
explained briefly as follows : —When the train 
enters section A, that is, the first automatically 
operated section, it causes the track relay A to 
be picked up. This open-circuits stick relay 
AS which drops. The train passes on to section 
B, stick relay BS being dropped in a similar 
manner. Track relay .\ drops as soon as the 
train leaves section A. With track relay A 
down, track relay B up, and stick relay BS 
down, the AS stick relay is reset, provided 
that the power contactor supplying section A 
is open. The power contactor for Section A 
will not be closed until stick relay BS has been 
reset bv the train running on to section C. If 
a train runs on to a particular track without 
operating it for any cause, the stick relay of the 
section behind will not reset, thus providing 
protection for the train ahead. 

As the train approaches a station it runs off 
the last automatic section on to a braking sec- 
tion. This is on a rising gradient, so that the 
brakes are assisted by gravity in bringing the 
train to rest. The length of this section :5 
sufficient to ensure that this happens under all 
conditions. It has been found that at any 
particular station the time which it takes for a 
train to come to rest does not vary very much. 
It is therefore possible by experiment to select 
a time which gives a little margin during which 
it is quite certain that the train will stop in the 
braking section. This time may be called the 
braking time. When it has come to rest in the 
braking section, the control of the train is 
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assumed by camshaft control gear of a pattern 
very similar to the equipment used on the 
English Electric Companv's electric locomotives. 
(See Fig. 4). 


Fic. 4.—CaMsHarr GEAR. 


Fig. 9 shows a three-wagon train, such as will 
form the normal traffic unit, being loaded at a 
station. The bodies of these wagons were 
manufactured by the Kilmarnock Engineering 
Company, Limited, and the electrical equipment 
by the English Electric Company, Limited. 

As regards design, great care has been taken 
to ensure easy access to all parts, and to admit 
of the rapid inspection and replacement of such 
important portions as the motors, wheels and 
axles, journal boxes, brake gear and collector 
shoes. The general dimensions of the wagons 
are: Total length of bodv, r2ft. 6in., total 
length over buffers, 13ft. 5in., total width over 
axle boxes, 3ft. 6in., and total height above 
rail level, 4ft. 114in. The wheel base is 7ft. 3in., 
the diameter of the wheels, 2ft., while the gauge 
is also 2ft. The under frame of each wagon 1s 
of channel steel, the bodv being built up of 
steel angles securely braced and riveted together 
and secured to the underframe bv bolts. The 
flooring sides and ends are constructed of mild 
open-hearth steel plates. The wheels have 
cast-steel centres and steel tyres. The diameter 
of the wheel over the tyre is 2ft. and the 
breadth of the tyre on the tread is 23in. The 
axles on to which the wheels are pressed 
hydraulically are of acid open-hearth steel and 
are fitted with roller bearings. After assembly 


the wheels and axles were carefully balanced 
and tested to ensure that they run smoothly and 
without vibration at a speed of soo r.p.m. The 
axle boxes are of the roller bearing type, and 
are self-lubricating and dustproof. The end 
thrust is taken bv ball thrusts. The wagons are 
coupled by links which are fitted to spring 
buffers. 

The collector shoes are carried on frames 
which are suspended from the axle boxes. The 
horn plates are of steel plate, their sliding 
surfaces, and the corresponding sliding surfaces 
of the axle boxes, being machined and arranged 
so that they can be lubricated. Two vertical 
helical springs are fitted over each journal to 
take the weight of the wagon bodv under all 
conditions of service. These springs are of 
acid open-hearth steel, and have been specially 
designed to render the running of the wagon 
as smooth as possible, both when empty and 
loaded, and to prevent undue pitching and roll- 
ing. 

The two series motors receive their supply 
through. two shoes, one at each end of the 
wagon. Reversal is effected bv a hand switch 
which changes the direction of the fields. The 
negative brushes of each motor are connected 
to a common bar, which in turn is connected 
through the brake solenoid to earth. Тһе 
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equipment of the wagons forming one train are 
paralleled by means of a bus line and electrical 
couplers on the negative side of the permanent 
resistance, 


THE POST OFFICE (LONDON) RAILWAY. 153 


When a wagon is standing on a de-energised 
track, no current passes through the brake 
solenoid and the springs therefore hold the 
blocks against the wheels. As soon as current 
is supplied to the conductor rail, the solenoid 
is energised, the brakes are released, and the 
motors start up, the current rush being damped 
by the resistances. On entering a dead section, 
current ceases to pass through the solenoid, and 
the brakes are immediately applied. 

This arrangement enables the direct-current 
series motors to be operated on what is virtually 
an alternating current characteristic when giv- 
ing the specified output of 22 h.p. The 
arrangement has the great advantage, from the 
uperating point of view, that as little as possible 
control equipment is carried on the wagons 
themselves. 

Each motor is slung from the wagon axle in 
bearings, and from the wagon frame by springs. 
The motor is totally enclosed, and generally 
complies with the English Electric Co. stand- 
ard design for traction work. The armature 
shaft bearings are carried outside the frame, and 
are of the roller pattern. Driving is effected 
through spur gearing of the single-reduction 
tvpe, the ratio of reduction being 3.33 to 1. 
Like the motor the gearing is totally enclosed. 

As already stated, it is proposed that the 
wagons shall be connected together in trains of 
three. For this purpose a twin-core train cable 
with a twin coupling at each end is used. Each 
core of this cable has a sectional area of 0.66 
sq. in. The train couplings are interchange- 
able at both ends, and are fitted with a locking 
device so as to prevent them from working loose. 

The loads on these wagons are carried in 
special containers, which have been designed so 
that they can be wheeled across the platforms. 
These containers are of two different types, 
depending on whether thev are to be carried in 
the centre or side compartments of the wagon. 

The mail bags are passed from the ground 
level to the railway platform with a minimum 
of human intervention, an extensive system of 
conveyors, elevators, spiral chutes and lifts; 
either individually or in combination. In 
general, it may be said that the lifts and eleva- 
tors, combined with the conveyor, are used for 
the upward traffic and conveyors and spiral 
chutes for the downward. More particularly, 


conveyors are used for all the up traffic at 
Paddington and for the parcels at Mount 
Pleasant, and bag elevators combined with con- 
veyors for the up traffic of letters at King 
Edward Building and Mount Pleasant. 

When lifts are used, the bags are loaded into 
containers in the Sorting Offices, and are 
wheeled to the lifts by hand for the downward 
journey. At the railway platform level they 
are wheeled from the lifts by hand to the wagons 
where they are placed into position. (See Fig. 
5). The elevators, which are of the bucket type, 
are loaded by conveyors which are fed through 
hatches on the Post Office railway platforms. 
'The bags are discharged from the elevators in 
the Post Office where the contents are deposited 
either on to a short convevor or on to the floor 
level. 


Fic. 6.—Banp Conveyors, LIVERPOOL STREET STATION. 


There are in all 21 band conveyors, five at 
Mount Pleasant, four at King Edward Build- 
ing, seven at Paddington, and two at Liverpool 
Sireet, and one each at the Western, West- 
Central, and Eastern Post Offices. This ex- 
cludes a number of short conveyors at various 
delivery points. Generally the construction of 
these conveyors is the same, and is shown in 
Fig. 6. 

At King Edward Building there is one 20 
cwt. bag elevator, which also receives its load 
from the two under-platform conveyors, and 
delivers it on the ground floor of the building 
at a point in the lobby near the east loading 
platform. All the elevators consist of a number 
of sheet-steel buckets, which are connected to 
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two parallel endless chains moving in steel 
guides, the shape of which determines the path 
of the bucket. The space between the buckets 
is filled in with stout rubber and cotton belting. 
At the top and bottom of the elevator the main 
chains pass round sprocket wheels, the bottom 
pair of which is driven by a motor through 
worm and spur gearing. This motor and the 
rest of the equipment is designed for continuous 
operation. The path of each elevator is at first 
horizontal, and then gradually changes to the 
vertical, the bags being loaded on when the 
elevator is in the former position. 

Lifts are provided at all stations and are used 
for parcel traffic in both directions and letter 
traffic in an upward direction, except at King 
Edward Building and Mount Pleasant where 
band conveyors, elevators and spiral chutes are 
employed, the lifts being available in case of 
emergency. The total number of lifts in use 
at the various stations is 17. 


As it is important that the air from the Post 
Office railway station should not escape into the 
post offices, a ventilating system has been 
provided, whereby a continuous down draught 
is exerted. The air is drawn over the plant, 
which is, as already noted, installed in the tube 
inverts, and thus exercises a cooling effect, 
finally it is exhausted into the open air. 

At most stations there are either one or two 
inlet fans with a capacity of 1,100 cub. ft. per 
minute, but at the Western Parcel Post Office 
and at Liverpool Street there are two fans with 
a capacity of 4,500 cub. ft. per minute. The 
outlet fans are 4,500 cub. ft., 6,000 cub. ft., or 
9,000 cub. ft. per minute in the capacity. 

The ducts are constructed of 16 S. W. G. 
galvanised steel plate. Their area is such that 
the air velocity does not exceed 2,500 ft. per 
minute, and they are laid out so that sharp 
bends are avoided. Messrs. Davidson & Co. 
were the sub-contractors for this work. 
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A. Morris, M. I. E. E., and F. STEVENS. 


YNOPSIS.—An_ interesting account* was 

recently given of some of the difficulties 

which arise in connection with the splicing 
of overhead conductors. The present article 
deals with unsoldered twist splices in under- 
ground telephone cables containing light gauge 
conductors. 

General.—This type of splice is used almost 
exclusively at the joints of local cables and 
trouble is occasionally experienced with it when 
the usual care has not been exercised during the 
constructional work. Although abnormally 
large values of conductor resistance, loop or un- 
balance, point unmistakably to defective splices 
in this class of jointing, yet imperfect joints are 
not always disclosed by the results of such tests. 
The passage of a current causes variations in the 
resistance of an imperfect joint. This is particu- 


* © The Telephone Plant Job of to-day," P. 
L. Johnson, '' Telephony,” Vol. 93, No. 7, 
August 13th, 1927. 


larly noticeable in the case of very defective 
joints. If the current is increased the resistance 
will in general decrease; thus in the case of the 
joint referred to in Table No. 1 the resistance of 
one of the splices changed from 15 ohms to 3 
ohms. In this manner faults arising from im- 
perfect splicing may be temporarily removed. 
Ringing currents and relatively large direct 
currents in such circumstances usually produce 
these effects and it is for this reason that signal- 
ling over such faulty circuits is seldom inter- 
fered with. To weak alternating currents, how- 
ever, such joints may offer a high impedance— 
i.e., the resistance of the joint in such cases may 
be several times the value as measured with say 
a direct current of one milliampere—and for this 
reason speech transmission may be adversely 
affected. 


It is not certain whether such changes of re- 
sistance are entirely of electrical origin or 
whether they are due wholly or in part to 
mechanical changes at the splice. 
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Visual inspection of a joint, when directed to- 
wards certain salient features which are described 
later, will often enable imperfect or defective 
splicing to be detected; supervision during con- 


struction should specially include this item of 


cable jointing work. 


Hes 42,83 - STANDARD METHOD or TWIST SPLICING. 


fig.5 CRANK Аамо Е SPLICE 


JWIST COMPLETED АМО CUT TO LENGTH 


Standard method of twist jointing. 

The procedure described in British Post Office 
Technical Instructions NIV., Part i1, Section 
V (b), page 52, for the twist jointing of 64 Ib., 
10 lb., 12} lb., 20 Ib. and 40 Ib. cable conductors 
is as follows :— 

(a) The two wires to be jointed, on which 
the paper covering and thread have 
been allowed to remain, will be twisted 
together for a few turns, a paper sleeve 
having first been slipped over one 
wire. The remainder of the paper and 
thread will then be removed. 

(b) The bare conductors will be cleaned with 


1 


H 
; 


glass paper and twisted together so 
that the copper joint is т inch in length. 
The joint will not be soldered, except 
in the case of 20 lb. conductors in 
Balanced Cables and all 40 lb. con- 
ductors, or unless it is to be covered 
with compound. 

(c) The twisted conductors will be bent 
down and the paper sleeve drawn over 
the joint. 

Figs. 1, 2 and 3 illustrate a twist splice con- 
structed as described above. It will be seen that 
this splice is characterised bv tight, fairly close 
twisting, which is uniform from the tip to the 
twisted wrapped portion of the splice. 


Crank-handle method of twist joinling. 
This method of twist splicing is applied as 
follows :— 

(a) The two wires to be spliced, on which 
the paper covering and thread have 
been allowed to remain are twisted to- 
gether for one complete turn, a paper 
sleeve having first been slipped over 
one wire. The remainder of the paper 
and thread is then removed. 

(b) The bare conductors are then cleaned 
with glass paper and twisted together 
thus :—With the left hand hold the 
two bare wires tightlv between the 
thumb and forefinger at a distance of 
about one inch from the point at which 
the paper and string have been cut 

With the right hand, hold the 
two bare wires between the thumb and 
forefinger ; turn the wires back between 
the two hands so as to form a crank- 
handle and rotate the right hand, at 
the same time permitting the twists to 
run through the left thumb and fore- 
finger down to the insulated wires as in 
Fig. 4. The wires are then cut so as 
to leave one inch of copper splice as in 
lig. 5. 

"he twisted conductors are then laid back 
along the length of the joint and the 
paper sleeve drawn into position. It 
wil be seen that a joint constructed 
according to this method is character- 
ised by very close, tight twists at the 
tip, becoming less tight towards the 


awav. 
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twisted wrapped portion, in the imme- 
diate neighbourhood of which the 
twists are fairly open. 
Fach of the methods described, when correctly 
followed, produces twist splices of satisfactory 
electrical features. 


General remarks on unsoldered lwisl-splices. 

The magnitude of the resistance of a splice will 
depend upon the condition and area of the con- 
tact surtaces of the wires. With clean surfaces 
this resistance will be inconsiderable, even if the 
contact pressure and area are each small. If, 
however, the wires are coated or discoloured by 
an oxide film or are unclean in any other respect, 
the splice will be of high resistance unless the 
contact pressure and area are considerable. 

In general the area of contact for tightly 
twisted wires will be proportional to the length 
of the copper splice. Owing to the thickness of 
the paper and thread coverings, there is a general 
tendencv for the first two or three twists of the 
copper splice (bevond the twisted wrapped por- 
tion of the splice) to be imperfectly bedded upon 
each other. This in itself is not a serious objec- 
tion since it lessens the strain and consequent 
chance of fracture of the wires during bending 
down for sleeving purposes. It results, however, 
in a diminution in the effective length of the 
splice, and if for anv reason the standard length 
(one inch) of copper splice is reduced, c. g., by 
maintaining the standard overall length, but in- 
creasing the length of the covered portion, or by 
inadvertently cutting the copper splice too short, 
or by opening the final twists through the use of 
blunted cutting pliers, a serious decrease in the 
contact surface will arise. 

If the wires are twisted lightly together, 
multiple-point or line contact onlv will result, 
whereas with tight twisting, surface contact will 
be secured, owing to the resulting bedding action 
of the wires upon one another. Light twisting 
of the wires will generally give rise to a loose 
splice. The turning back of a joint for sleeving 
purposes whereby the wires become displaced 
relatively to each other is another cause of loose 
splices. This effect appears to be more pro- 
nounced in 20 Ib. conductors than in ro Ib. con- 


ductors, probably because of their greater 
rigidity. The seasonal variations of tempera- 


ture of telephone cables in this country is 14 to 


15 degrees Centigrade: initial Jooseness jn a 
splice is probably accentuated by subsequent 
movements due to such temperature changes, as 
well as by vibration. 

Referring to the angle between two wires prior 
to twisting as the Angle of twist," then the 
area of contact will increase as the angle of twist 
increases from a small angle up to about 80 
degrees. Too small an angle of twist will be 
apparent on inspection by reason of the splice 
having too few turns. Such a splice will gener- 
ally be loose. If the angle of twist is much 
greater than 80 degrees there will be a tendency 
for one wire only to rotate. Inspection in this 
case will reveal a splice of many turns which will 
generally be of irregular twist. Unless the 
twisting in this case is extremely tight, there is 
little bedding action and consequently inadequate 
area of contact surface whilst, in addition, the 
joint tends to become loose. Furthermore, such 
a splice will usually be bent, and broken line or 
surface contact will result from the accompany- 
ing imperfect bedding. 

In making the crank-handle twist, if the wires 
are held too loosely between the fingers of the 
left hand, the twists become crowded together. 
and are tightest immediately beneath the twisted 
wrapped portion organ-grinder ог‘ barrel- 
organ " twist. In such cases the wires when 
turned down for sleeving become strained. and 
are liable to fracture. 


Results of the examinalion of a defective cable- 
joint. 

The following results were obtained by inspec- 
tion on site and subsequent electrical test in the 
laboratory of 8o splices cut out of a 800/10 Twin 
X. S. P. C. cable joint. 

Tests of the So splices with one milliampere in 
the line, showed that the resistance of each of 64 
was less than o.1 ohm, whilst the resistance of the 
remaining 16 ranged from o.1r ohm to 7.7 
(variabie) ohms. Table No. (1) gives the resist- 
ance of each of these latter splices, allowance 
having been made for the resistance of the con- 
ductor on either side of the splice. The resist- 
ance of 2 yards of conductor is approximately 0.1 
ohm. The Table also indicates the type of each 
splice as revealed by visual examination and 
classified in general accordance with the next 
paragraph. 
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TABLE I. 


RESISTANCE (TESTING CURRENT 1 MILLIAMPERE) AND CLASSIFICATION OF 
DEFECTIVE TWIST SPLICES IN A 800/10 TWIN X. S. P. C. CABLE JOINT. 


T 


Mnt ie ен | ' 

Splice Resistance Trae Splice Resistance "Жүр. 
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The more frequent causes of defective twist 
splices in practice. 
rom the foregoing, and apart from broken 
splices, these may be summarised as follows :— 
CX). Non cleaning of the wires before twist- 
ing, whereby oxide films giving rise to 
discolouration of the wires, varying in 
shade from light straw to purple, con- 
stitute the actual surfaces of contact. 
(B) Shortness of the copper splice. This 
will occur if the splice is cut too short, 
but is usually due to the paper wrap- 
ping being continued too far in the 
splice. The length of bare wire 
actually twisted together is thereby re- 
duced and there is a consequent 
diminution in the area of contact. 
Figs. 6 and 7. 
(C) Looseness of the splice. This will be 
caused by one or other of the defects 
D, E, F, G, namely: 
(D) Light twisting. Fig. 8. 
(E) The effects of turning back for sleeving 
purposes. Fig. 9. 
(F) Too few twists, 7.e.. too small an angle 
of twist. Fig. 10. 
(G) Bent splice. Fig. II. 


Conclusions. 


In order to avoid faulty twist splices the in- 
struction relating to the method of making such 
splices should be exactlv followed, particularly 
in respect of the cleaning of the wires and the 
length of the copper splice. 

'The loosening which may occur in a splice 
(which does not conform in all respects to the 


standard splice), when turned back for sleeving 
purposes, can be prevented as follows : = 

Twist the paper-covered portion in the normal 
manner; twist the А wire one complete turn 
around the B wire; and then the B wire one com- 


Fig? SHORT COPPER SPLICE - Wires 
CUT TOO SHORT. 


Jie Suoer copper sprice - Paper 
CONTINUED TOO FAR. 


Ёс. О Twist LOOSENED AND 
DISPLACED /M BENDING. 


Fic.8 LOOSELY TWISTED SPLICE. 


Fue. / Bent Spice 


“Fic. 10 Too Few TWISTS — ANGLE 
OF TWIST TOO SMALL. 


EXAMPLES OF DEFFECTIVE TWIST _SPLICES. 


plete turn around the А wire; finally, proceed 
with the normal twisting operation. This 
method will prevent the slack of one wire, arising 
from the turning back, from being transmitted 
through the splice. A splice of three diameters 
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instead of one of two diameters results for part 
of the length of the splice and a slightly larger 
paper sleeve may be required. The special turns 
in question virtually replace non-effective twists 
of the standard method; no effective contact area 
is therefore lost and greater rigidity of the wires 
is secured. 

A loose splice seldom occurs when the crank- 
handle method has been adopted; incorrect pro- 
cedure in this case, however, may give rise to too 
few effective twists at the tip, or to strained wires 
—with liability to fracture—in the neighbour- 
hood of the wrapped portion of the splice. 

20 Ib. conductors should be more tightly 
twisted than 10 lb. conductors, not onlv for the 
purpose of obviating the above mentioned loosen- 
ing effect but also to increase the area of contact 
surface by reason of the bedding action pre- 
viouslv referred to. 

In order to secure a satisfactorv twist the angle 
between the wires should be about 80 degrees. 
During the operation of cutting the splice to the 
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required length, the wires should be pulled with 
a slight rotating action and then cut, so as to 
obviate opening the final twists of the splice. 

Imperfectly made twist joints give rise to con- 
siderable maintenance difficulties, since for the 
reasons already given a circuit which appears 
from the results of an ordinary conductor resist- 
ance test to be quite good, or which gives good 
results immediately on switching, may be subject 
to serious deterioration as conversation over the 
circuit proceeds. Furthermore, if spurious 
resistances of various magnitudes are present at 
many cable joints on a circuit, attempts at locali- 
sation of the splices giving rise to the major 
faults are generally very unsatisfactory, whilst 
even if such attempts are successful the disturb- 
ance of any particular joint for the removal of a 
faulty splice on a particular circuit may pre- 
cipitate faults in the splices of other circuits at 
that joint. 

The authors are indebted to Mr. J. F. Doust 
for the illustrations. 
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HUMBER RADIO STATION. 


L. J. Jones, A.M.1.E.E., and W. М. Ossors, *X. ALT. E. E. 


/ | “НЕ new Humber Radio Station 
equipped with up-to-date transmitting 
and receiving plant has been erected at 

Mablethorpe, Lincolnshire, and brought into 

commission for ship-and-shore communication 

in replacement of the old Station at Grimsby, 

which was closed down on December 6th last. 
The old Station was erected by the Admiralty 

during the War and was transferred to the Post 

Office, together with Wick and Portpatrick 

Radio Stations, in 1920; it was housed in three 


passenger railway coach bodies placed end to: 


end оп West Pier, Grimsby, and was equipped 
with a 2 KW Spark Transmitter of naval type. 
Fig. 1 is a photograph of the old Station at 
West Pier, Grimsby. 

The primary reason for closing down the old 
Station was the lack of accommodation required 
for the provision of the necessary plant to enable 
the station to function as a Direction Finding 
Station for ships in the Humber district. Pend- 
ing the erection of the new Station the Direction 
Finding service for the Humber district was 
carried out for the Post Office by the Admiraltv 
Station at Flamborough Head. А site near 
Mablethorpe was selected as the most suitable 
locality. for Direction Finding operations and 
the new Station has been equipped with valve 
transmitting apparatus and Direction Finding 
plant, employing the Bellini-Tosi System, as 
adopted by the Department at other Coast 
Radio Stations. 


The new Humber Radio Station has also been 
fitted with a Radio Telephony installation for 
communication with trawlers and is the first 
British P.O. Coast Station to be so equipped. 

The following is a brief general description 
of the new Station. 


1 
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Fic. 1.—OLD Station АТ WesT PIER, GRIMSBY. 
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Nig. 2.—GkNERM. VIEW OF BUILDINGS AND SITE. 


Site and Buildings. The site, which is about 
2 acres in extent, is situated at Trusthorpe, 
about a mile from Mablethorpe Railway Station, 
on land adjoining the sea shore. The buildings 
are of one story type and are erected approxi- 
mately at the centre of the site. Fig. 2 15 а 
general view of the site and buildings: Fig. 3 
shows in plan the lay-out of the building and 
engineering plant. 

Aerial and Earth Systems. The main trans- 
mitting aerial is of three wire Т” type, 


STATION. 


supported by two tubular masts, 120 feet high, 
consisting of 20 feet lengths of qin. diameter 
steam tubing screwed together and stayed with 
six sets of stays at 20 feet intervals. The masts 
are erected 246 feet apart on a line running 
approximately North-South. A separate aerial 
of 6-wire cage type, approximately 70 feet long, 
and suspended from the top of the north mast 
is provided for short wave telegraphy and 
telephony. 

The Direction Finding and main receiving 
aerial system, consisting of two triangular 
frames of approximately 95 feet sides and a 
hase 160 feet long, is rigged beneath the main 
transmitting aerial and is symetrically disposed 
about the south mast. The triangular frames 
are erected at right angles to each other and 
are supported on the south mast with their 
apexes and base centres at points 82 feet and 10 
feet above the ground, respectively, and at their 
lower corners by tubular jury masts 25 feet high. 
In order to maintain the electrical balance of the 
two triangular frames, the four lead-in wires 
from the centres of the bases are twisted as in 
ordinary telephone practice throughout their 
length between the south mast and the lead-in 
panel a distance of 110 feet. The wire used 
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Fic. 4.— ENGINE Коом. 


throughout the construction of the aerial system 
is of Wire, Bronze 7/19.” 

The main earth system is entirely under- 
ground and consists of 6ft. by 2ft. corrugated 
iron sheets, buried vertically with their long 
edges six inches below surface, and arranged 
in two semi-circles of 60 feet radius, symetri- 
callv disposed relative to the main earth point 
in the building, the sheets being connected 
thereto by equal lengths of Wire Copper Soft 
7/18 Strand." A separate earth system of 
similar type to the main system, but consisting 
of one semi-circle of то feet radius is provided 
for use in conjunction with the Direction Find- 
ing Receiver. 

Power Plant. The electrical energy required 
for the operating and lighting services is 
generated at the Station as no public supply 
service is available. 

The power plant was installed bv the Austin 
Lighting Co., Ltd., and comprises two 14/16 
II. P. Crossley Crude Oil Engines, direct- 
coupled to two 8 K.W. то Volt B.T.H. 
Generators for charging a Secondary Сеп 
Battery of 36 cells of 300 ampere hour capacity, 
together with two 2 K.W. B.T.H. Motor 
Driven Boosters arranged for operation in 
association with the Generators so as to main- 
tain the main bus-hars at a constant voltage of 
110 volts under anv condition of charge or dis- 
charge of the batterv. Facilities have been 
provided for milking individual cells of the 
batterv bv means of either Motor Booster. 

The Main Switchboard for controlling the 


above plant is of the enclosed type and 
comprises Generator and Booster Panels :n 
duplicate, Battery and Feeder Panels. 

Fig. 4 is a view of the Engine Room showing 
the Engine Generators and the Main Switch- 
board. 

An Auxiliary Battery Charging Set and 
Switchboard is provided for use in connection with 
a battery of twenty-four Secondary Cells of 120 
Ampere-hour capacity arranged and connected 
to the Switchboard in eight groups of three 
cells each; these Cells are used for heating the 
filaments of the Receiver valves and for power 
supply to the Emergency Transmitter. The 
Charging Set comprises a B. T. H. motor- 
generator, the motor of which is supplied with 
current at 110 volts from the main bus-bars ; 
the generator provides for an out-put of 12 
amperes throughout a range of 5 to 4o volts. 
The Switchboard is equipped with accessories 
for the control of the motor-generator and for 
the change-over of the groups of cells for charg- 
ing or discharging. 

Fig. 5 is a view of the Battery Room showing 
the main battery in the foreground, the auxiliary 
battery in the background and on the right of 
the figure, a cupboard containing a batterv of 
50 Leclanché cells used for providing the 
general high tension supply for the receiving 
plant. 

Transmillers. The Transmitters were in- 
stalled bv the Radio Communication Co., Ltd., 
and comprise 15 K. W. Main and roo-watt 
Emergency Valve Transmitters equipped for 
Continuous Wave and Interrupted Continuous 


Fic. 5.—Battery ROOM. 
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Wave telegraphv. The Transmitting plant is 
similar to that installed at Seaforth Radio Sta- 
tion and is described in an article published in 
Volume 21, Part ı of this Journal. 

The transmitting apparatus is assembled on 
a bench in a high tension enclosure in the 
Apparatus Room as shown in Fig. 3. The 
operation. апа all control of the transmitters 
are effected from the operator's position in the 
Operating Room, whence the Transmitters are 
under the observation of the Operator through 
the glazed partition which divides the Operat- 
ing Room from the Apparatus Room. 

Fig. 6 is а view of the operating bench in 
the Operating Room, showing on the right the 
Bowden wire control panels mounted on the 
wall and the Bowden wires running overhead 
to the H. T. enclosure. Fig. 7 is a view of the 
Apparatus Room, showing the rear of the 
transmitters with the protecting screen removed 
and on the right the power control panel. 

Telephony Installation. A view of the tele- 
phony installation which is fitted in the Operat- 
ing Room is shown in Fig. 8. This comprises 
a self-contained transmitting and receiving set 
arranged for operation on the waves 200 and 
220 metres. The apparatus is the Marconi 
Wireless Telegraph Company’s standard '' Type 
ХМС ı Telephone Set'“ slightly modified to 
suit Post Office service requirements; the 
normal rating of the Set is 500 watts. 

Power for the Set is supplied bv a motor- 
generator which is housed in the Apparatus 
Room and is seen in the foreground of Fig. 7. It 


comprises a motor wound to suit the 110-volt 
D.C. supply of the station and a combined low 
tension and high tension D. C. generator 
delivering 14 amperes at 16 volts for charging 
a floating 12-volt battery which supplies current 
for the filaments of the transmitting and receiv- 
ing valves, and 150 milliamperes at 2,500 volts 
for Н.Т. supply to the anodes of the transmit- 
ling valves. 

The well-known choke control method of 
speech modulation is emploved in the Set. The 
transmitting valves comprise one oscillator 
valve type T259 and one modulating valve type 
T4oo m/a. "The aerial is inductivelv coupled to 
the closed oscillatorv circuit. 

The set is designed for simplex working, the 
change from speech to listening being effected 
by the operation of a “ Send-Receive " switch 
mounted on the face of the cabinet, which trans- 
fers the aerial from the transmitting to the 
receiving circuits. The receiver is а 4-valve 
set, comprising one stage H.F. amplification, 
one detector stage and two stages low frequency 
amplification. The valve filaments are all in 
series across the r2 volt filament battery ; the 
first three valves are of D.E.R. tvpe, the last 
is of D.E.6 type. Reaction is employed be- 
tween the anode of the detector valve and the 
aerial. The telephone receiver is in the anode 
of the first L.F. valve and a Loud Speaker is 
joined in the output of the fourth valve. 

Provision is made for Interrupted Continuous 
Wave telegraphv by means of a kev controlled 
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buzzer emploved as a modulator in place of the 
microphone. The keving unit is visible in Fig. 
8 immediately in front of the Loud Speaker. 
Receiving Apparatus. Two complete receivers 
for the main 600 metre reception are employed 
and are both visible in Fig. 6. The 
main receiver of the Station is the Marconi 
“ Type 12A Direction Finding Receiver“ seen 
on the right of the bench in the figure; the 
receiver seen on the left is of Post Office pattern, 


Fic. 8.—Rapio TELEPHONY INSTALLATION, 


is non-directional in type and is only brought 
into use in the event of interruption to the D.F. 
Receiver. The 2-valve low frequency ampli- 
fier associated with the Post Office receiver can 
be seen mounted on the wall to the left of the 
D.F. receiver. An heterodyne oscillator is also 
associated with the D.F. receiver to enable the 
reception of C. W. signals. 

Special care has been taken in the lay-out of 
the cables between the filament lighting batteries 


and the sets with a view to avoiding inductive 
disturbance from the power plant, land- 
lines, etc. Two groups of 6-volt batteries are 
reserved exclusively for the D.F. receiver. These 
are connected to the Battery Charging Switch- 
board va two ID. I'. D. T. switches located in the 
Operating Room, and with the object of reduc- 
ing the wire to earth capacity of the D.F. 
receiver filament leads to the lowest possible 
limit the cables between the D.P.D.T. switches 
and the set are not lead covered and are carried 
on a route as remote as possible from other 
current carrving circuits. For a similar pur- 
pose the Н.Т. battery for the D.F. set consists 
of a box of so '' Cells, Dry N ”? placed on a 
shelf immediately underneath the D.F. receiver. 
The filament current for purposes other than 
D.F. in the Operating Room is effected from a 
“ Board, Distributing, No. 10 " to which the 
main supply from the Auxiliary Charging 
Switchboard is brought, and the General II. T. 
supply obtained from the Leclanché Cells in the 
Battery Room already referred to is distributed 
from a “ Cut Out No. 1 12.” fitted with dummy 
10 
fuses. 


A general diagram of the external connections 
of the receiving plant and its association with 
the various switches, the Telephony Transmitter 
and batteries etc., is given in Fig. 9; from this 
figure the general interconnection of the various 
items of apparatus can be traced. 

The Directional D. F. Switch " has seg- 
mental attachment to the Switch lever and is so 
placed relative to the D.F. Receiver that one 
half of the Radiogonimeter scale of the set is 
covered when the switch is at the“ Directional” 
position. It is thus impossible for the operator 
to take a bearing unless this switch is at the 
“ D.F.” position, in which position it operates 
the Marconi Solenoid Switch thus disconnecting 
all other aerials to give the conditions necessary 
for the determination of true bearings. 

The action of switching the“ Normal- 
Telephony ° switch to ‘ Telephony "' is to 
cause the operation of the Radio Communica- 
tion Companv's type Solenoid Switch, which 
transfers the short aerial from the main to the 
telephony set. It also breaks the main key cir- 
cuit thus making it impossible to transmit 
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on the main set whilst the telephony set is in 
operation. 

It will be noted that the circuit controlling the 
K. C. C. switch referred to above is also inter- 
locked with the '' Directional -D. F.“ Switch 
so that the action of this latter switch on turning 
to“ ). F.“ automatically throws the short aerial 
back to the main set, where it is disconnected 
bv the Marconi Solenoid Switch as already 
described. 

The ‘‘ Send-Receive’’ switch when at 
“Send” performs the usual functions necessary 
ata D.F. station, in earthing the Bellini-Tosi 
aerials, disconnecting the Post Office receiver, 
short-circuiting the telephones and joining up 
the key circuit, as well as operating a Solenoid 


switch which transfers the aerial from the receiv- 
ing to the transmitting apparatus. 

Satisfactory tests on C. W. and I. C. W. were 
carried out with Coast and Ship Stations on 
completion of the installing work and showed a 
considerable improvement over the ranges 
obtained by the old Grimsby Station. Speech 
ranges of over 200 miles over sea have been 
satisfactorily effected with the telephony installa- 
tion. 

The Direction Finding plant has been calibra- 
ted and was brought into operation on the roth 
February last, taking over the D.F. service 
formerlv carried out bv the Admiralty Station 
at Famborough Head, which has now ceased to 
function. 
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THE BEHAVIOUR OF A TRANSMISSION LINE AT RADIO FREQUENCIES. 


Е. E. Nancarrow, A. R. C. Sc., Wh. Ex., A. M. I. E. E., Member I. R. E. 


L'IHOUGH the general case of trans- 
A mission is well known it does not seem 
that the solutions have been anywhere 
developed to portray the behaviour of a trans- 
mission line at ultra-radio frequencies where the 
transmission line is many wave-leneths long. 
With the development of short wave radio com- 
munication such transmission lines are becoming 
more common and hence the particular develop- 
ment of the general case given below is perhaps 
not without interest. 
The general equations of propagation along 
transmission lines give rise to the following 
solutions: — 


V = Ае? + Ber 
[=Ce™+ De’ 


which can be further written (see Appendix I.) 


VI, (J, sinh P. Z cosh Pr) ............ (1) 

Е 
[= 7 (Za sinh P. Zo cosh Ру)............ (2) 
where № = potential difference at a distance + 


from the load. 
current at a distance x from the load. 
7. impedance of the load. 
Zo iterative or surge impedance of the 
transmission line. 
Р —transmission constant of the line. 
„= current at the load. 


Fic. 1. 


By inserting the sending end conditions as 
shown in Fig. 1, in equation (1), we get 


E =I, (Zo sinh PL+ Za cosh Pl) 


and substituting the value of I, so obtained in 
equations (1) and (2) we have 


VOL. XXI. 


V= E (Zo sinh Px Za cosh Px) ......... (4) 
т 


Е 
РАД 
where Zy - (Je sinh Р1+ Za cosh Pl); i.e., a con- 
stant for a line with fixed terminal conditions. 

For frequencies within the telephonic range Z. 
is generally a complex quantity and is given by 
the relation 


{= (Za sinh Px Zo cosh Px) ...... (5) 


where R, L, S and C are the resistance, induct- 
ance, leakance and capacity respectively, per 
unit length of line, and w=2z7n, where n equals 
the frequency of oscillation of the transmitted 
current. 

At radio frequencies, however, R and S are, 
in general, negligible as compared with wL and 
oC respectively, and hence (6) reduces to 


Zo= Je C (7) 


where Z, is seen to Бе а pure resistance. 
P, the transmission constant, is given by the 
relation 


P=Ẹ4(R jol) (St+jwC) ууулу... (8) 
and this can be further written 
PHatfR .osseseseee eee emet (9) 


where a is the attenuation constant of the line 
and £ the so called velocity constant. At radio 
frequencies it is, in general, impossible to 
evaluate a except by direct measurement, but В 
is simply obtained from the relation 


27 
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v 
where v, the velocity of propagation along the 
transmission line, is, for ultra-radio frequencies, 
equal to the velocity of propagation of light. 

B can then be alternatively written 
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where А is the wave-length of the propagated 
disturbance. 

The impedance at any point of the transmis- 
sion line can be written 


7 V Zo sinh Px + Za cosh Px 


6. Nr me M TTL 
Za sinh Px + Zo cosh Px 

which is independent of sending end conditions. 
Converting the sinh and cosh terms into 

exponentials we get 


(Zo + Zaje” + (Za Zoe 
(Zo + Ja) e = (Za te Lae 
„(Ie Za)es*ei® + (Га – Le) e to P 
(Ae Za)erteibe — (Za — Zo)e **e "P 


Z. J. 


In what follows, a, for the sake of simplicity, 
will be taken as being negligibly small. If a is 
not negligible, however, the argument remains 
unaffected and absolute values are obtained by 
multiplying the vectors (Zo Za) by e“ and the 
vectors (Za Zo) by ет", 

Assuming a o, (12) can be written 


272 


CAAT ads 


7 = Lo 272 2т2 
o -Zoe r 


This equation enables the effective impedance 
of the line at any point to be readily calculated, 
and, since the numerater is representative of the 
voltage and the denominater of the current, 
these quantities are also readily calculable, due 
regard being paid to equations (4) and (5). 

The numerator of equation 13 is composed of 
the sum of two unequal vectors rotating in 
opposite directions with the same velocity whilst 
the denominater is composed of their difference. 
Thus four times in every revolution the vectors 
in both numerater and denominater come into 
phase, or 180° out of phase with one another, 
giving a resultant quotient without angle. 
Hence, whatever the nature of the load Za, the 
transmission line will behave as a pure resistance 
at points along the line separated by intervals 


equal to ы , and the value of Z at these points 


will alternate from the maximum to the minimum 
values which Z can assume. The first of these 
points where Z In (a pure resistance), will be 
at a distance y from the load where 


л sont ; 
у= Lx = when Za is inductive 
A T А Ре 
and y= — x (= -£) when Za is capacitative 
7 2m 2 2 


ф being the angle between the vectors (J Za), 
(Za Ao) at the load. 

Fig. 2, below, illustrates a case where Za is 
inductive and shows the positions of Z= Zn. 


/ MET min 
Z= Zr тах. 


Fic. 2. 


Showing the positions where Z=Z, (a resistance) and the 


phase displacement 4 at the load of the vectors (Z+ Zo) 
(J- I,) for the case where Za is inductive. 


If the scalar values of the vectors (Je Za) and 
(Ja Zo) be written aZ. and 67, respectivelv, the 
maximum and minimum values which Z can 
assume can be written as follows :— 


(a) Maximum value of Z. 
This will occur when the vectors (Je Za) and 
(Za Zo) are in phase giving 


aZ, 07,0 
ii aZ, — bZ. 


Jin = L. 


(b) Minimum value of Z. 


This will occur when the vectors (Jo Za) and 
(Ja Zo) are 180° out of phase giving 
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aZo- bZ, 
ейге р, 
a-b 
! ee ae a UE 
& (15) 


From (14) and (15) it is seen that 


Zo= V Zr (тах.) n,, наьаа (1б) 


From equation (13) or Fig. 2 it is clear that 
midway between the positions Ze max., and 
Zn min., the vectors (Zo+ Za), (Ja Zo) are at 
right angles to one another and thus the resultant 
vectors in numerater and denominater of 13 are 
equal to one another in amplitude. 

The scalar value of Z for these positions is 
therefore given by 


Z., 57 . Stee) = Zo 
У (aZ) +(bZ.)* 

If Zu, Zra, Ina. . . denote the positions along 
the line from the load at which Z assumes its 
resistance values, then a little geometry in con- 
nection with equation (13) will show that when 
the load is inductive Z is inductive in the 
intervals (Zn: - Zra), (Zra — Zn; ). . . and capacita- 
tive in the intervals (Zx, ~ Zro), (2вз Zn), ... 
and vice versa for the case of a capacitative load. 

The case where Za= Zo /45° is portrayed in 
Fig. 3 below. с 

From the general case treated above any 


particular case of loading can be studied. Thus 
if Za be a resistance=5Z, we have 
а=1+6 
b=8-1 
Е (1 8) (8— 1) 
and ZR Jo- орсо Т (18) 
" (148) - (8— 1) I 
227, ee o m бтз... 
ай х=, 3 (19) 


also since ¢=0, у=о. 


We have therefore the condition that if the 
transmission line is terminated in a resistance 
Zo, the line behaves as a resistance at points 


À | 
spaced q ron the load, the value of the resist- 
ance at these points alternating from 6% to 


1 
$ Zo. 


If à«1 the line impedance will be inductive 
between (Zri- Zra), (Zu Ins) . .. and capacita- 
tive in the intervals (2а. – Zr), (Хва TIRO 
and vice versa if 82r. 

If à— т the turn Za Zo in equation (13)—which 
is the turn taking account of reflection—vanishes, 
and we have Z=Z, everywhere along the line. 


Y.he--- 


Ал, 


— 


| 
1 
i 
4 
H 


Ma 


Fic. 3. 
Showing how the amplitudes of Z, V and I and the phase 
of Z varies with increasing distance from the load. 
Drawn for the particular case of Z =Z, /45°. 


The current or voltage at any point of the 
transmission line is dependent upon the total 
length of line. Thus from equation (5) 


— — Za Si 2 0 ` т 
1 ZZ, (Za sinh Pz Zo cosh Pz) 

E ` Z 529% Еши ү 
= LZ, (Zo Laer - (Za Zoje ) 
EG. Ze. (Z- Ze 

and V= FA (Zo + Za)e^ x^ + (Za - Zo)e ^X (21) 


where а has been taken as negligibly small. 
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At points where Z Zx (max.) these reduce to 


E 
l= 7 (a-b) 
EZ, 
T d 
Мел un ›) 


and where Z -- An (min.) to 
T= = (a 1- Б) 


EZ 
V = = (а — b) 
275 
where a, b, and Jr have the significance pre- 
viously stated. 
Jr Zo sinh PI Za cosh P? 
which can be written 


ў ‚эт > x ‚ 2х1 E 
J (Ja + Zo) F + (Za = Z)e 7x 


if « is assumed very small, and is a function 
amenable to simple graphical evaluation. 


APPENDIX I. 


У= Neh BPPPꝑP D I. 
I= Се? + Der 


And in any transmission line we have 


ау | И 
dx =RI+joLI=FI 
dl . . 
and - =SV+joCV=GV. 
dx 
also P2 FG and = e 


At the load x=0 апа У = 1,44. 
Hence putting «=o in equations I. and II. we 
get 


.2а= А+ В| 
L-2C-«DJ 
І р Зее” ау 
differentiating I. and 11., substituting for p 
x 
dl : 
and-q Putting x—o we get 
FI, 
Б -A-B| 


б-р 


GL7, | 
Р 


lf 
Hence A= al Ja * 


I Za. 17 

се| z|- qz. Matal 
L Lae І, 

Э= Те = + Lo a 

í 2 : 2| 27, | 4 l 


NS оке (Zu Zae] 


=l, [Zo sinh P Za cosh P.] 


m ; А 
апа [= pos [(Za Lohe + (Ко Zaje ™] 
Te gc | . 
=э- [Z cosh P. Za sinh Pe 


APPENDIX II. 


For a transmission line consisting of two wires 
raised sufficiently high above the earth, each 
wire being of diameter d, and the wires being 
spaced a distance D, it can be shown that 


L —4 log, a per unit length [E.M. units] 

: I 

C= 2D „ „ Е [E.S. units]. 
4 loge —- 


Hence multiplying L Бу 107° to convert to 


to convert to Farads 


Henrys апа C by ———Àr 
" 9x IO 
we get 
— 
Е | 4loge =- х107° 
Zo= 25 = j d 
Vc > VT a 
ue 3D TO” 
41О & d 
EE loge? —— х 900 
2D 
= 120 log. d 


BEHAVIOUR OF A TRANSMISSION LINE AT RADIO FREQUENCIES. 169 


A curve showing values of Zo for various ratios 
2D 


of —7- is given in Fig. 4. 


d 


Variation of Z, with the ratio for the case of a 


raised 2-wire transmission line. 


Again for the case of a transmission line con- 
sisting of concentric tubes, the inner tube having 
outer radius r and the outer tube having innec 
radius R. it can be taken as being approximately 
correct at high frequencies that 


1 


[,22 log, and that C= the values 


2 log. — 
Re 


being again in the appropriate units. 


R 9 
22 ee X, I0 
"T = " 2 loge T 
20 = N С - I | 
Оюк, K охо" 
=60 loge 


A curve showing values of Z, for various 
R. | 
values of — in the case of this type of Trans- 
T 


mission line is given in Fig. 5. 


4 
Ratio Vr 


Fic. 5. 


Variation of Z, with the ratio R for the case of а trans- 
r 


mission line made up of concentric tubing. 


170 


HE Council of Administration of the 
Association“ des Ingénieurs Electriciens 


sortis de l'Institut  Electro-technique 
Montefiore," Rue Saint Gilles 31, Liége, an- 


nounces the closing date for their triennial prize 
competition as the goth April, 1929. The prize, 
which amounts to some twenty-nine thousand 
francs, is awarded to the best work describing a 
new idea which has had important bearings on 
developments in the domain of electricity. 
Further information can be obtained from the 
General Secretary, M. L. Calmeau, at the above 
address. 


We have received a copy of the Balance Sheet, 
Revenue Statement and Statistics of the Guern- 
sey States Telephone Department for the year 
ended 31st December, 1027. The number of 
exchange lines shows an increase of 176 for the 
year, the total being now 3,478. The gross revenue 
is £18758 and the net profit £796, increases of 
£048 and £34 respectively. It is observed that 
Trunk service to Alderney opened on the 27th 
September, a service which, we understand, is 
superposed on the already existing single core 
telegraph cable. A similar service to Sark has 
been in existence since 1915. 


We have received the following item and 
photograph from Mr. A. Jas. Perry, the 
Shanghai Mutual Telephone Co., Shanghai :— 

During a trial run of a Western Electric 
Rotary System Exchange, recently installed in 
the Far East, a sudden stoppage caused consider- 
able alarm. 


AN AUTOMATIC. RAT TRAP! 


А vigorous campaign had been made against 
deserters of the rat family, who frequent the hotel 
kitchens next door. Being on the qui vive, they 
were looking for every loophole of escape, and 
the one shown in the accompanying photograph 
got into the equipment room through the main 
cable chute, a casing door having been left off 
during work. The only damages to the plant 
were a few gory stains on the shafting and geared 
drive and a blown fuse. 

Going upon this idea, the engineers are new 
talking about an automatic rat trap! 
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“ Wired Wireless in Canada. — The Canadian 
National Railways Telegraph Department is 
installing, at a cost of $2,500,000, a new modern 
high-speed telegraph system between Vancouver 
and Montreal, which is expected to be in opera- 
tion within three months. Mr. R. W. Ball, 
General Manager of the Western region, states 
that the carrier current system which is being 
used, and which is practically the application of 
the wireless audio-frequency system to telegraph 
service, will make it possible to transmit 84 
messages simultaneously. The new system uses 
two wires, whereas the old sysem used one wire 
over which eight messages could be sent simul- 
taneously. The new service will therefore result 
in speeding up communication tenfold. Instal- 
lation of the new equipment between Montreal 
and Winnipeg has already been completed. 


17, West India Dock Road, 
E.14. 
3rd May, 1928. 
The Editors P.O. Engineers’ Journal. 

Dear Sir,—One misses in our Journal recently 
correspondence showing that purchasers are 
reading and weighing the matter in the articles. 
I propose to say something about the extract 

from“ Economies in Line Plant Provision." 
The teeing system has been tried and found 
wanting. The fatal objection to it are inherent 
in the system. If only two D. P.'s are teed, one 
branch is spare plant when the main cable pair is 
used; and that spare branch being teed to the 
working circuit is a menace to it. The teed 
spare branch adds electrostatic capacity to the 
circuit and it mav—in practice it frequently does 
—bring low insulation, short-circuits, and earth 


faults to the working circuit. The more D.P.'s 
are teed together, the worse the trouble. 

The record question is a verv serious one. 
Theoretically possible, it is, in practice, im- 
possible to maintain it as it should be. 

When a fault occurs a difficulty arises at once. 
Imagine the lineman on being handed the fault 
being told The circuit is on pair 7 at D.P.243, 
but it is teed at the junction of Green St. with 
Romford Rd. with pair 9 on D.P.327." I saw 
the system in use, saw the trouble and confusion 
caused, and was glad to see the last of it. 

“ This will allow one-third of the circuits 
terminating at a D.P. to be connected direct to 
the exchange and two-thirds to be teed with other 
D.P.'s." Taking the above and assuming that 
the ten year cables reach approximately halfwav, 
then, when the main pairs are all used up, 2076 
of the total wire mileage, and the most expensive 
part too, remains spare. But in spite of the tee- 
ing it would have been necessary to open joints 
to put the spares where wanted. 

When the main cable pairs are exhausted and 
a new cable run, then would come the unteeing— 
and what then ? 

I think that the auxiliary joint which Mr. 
Harvey Smith has done so much to popularise is 
much the best solution yet brought forward. 
The main pairs are not stumped as stated; they 
are actually joined up to pairs beyond at the out- 
set, in the best foreseen way; but it is the 
auxiliary joint only that need be opened when 
anv joint at aH must be opened. 

The aggregate cost of '* wires changed over“ 
is very great. It is a question whether much of 
the money would not have been better spent in 
providing new conductors. 

Yours faithfully, 
E. V. Smart. 
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EXCHANGE DEVELOPMENTS. 


The following works have been completed : — 


1 


Exchange. Туре \No. of Lines. 
Armley... igs у - New Auto. 590 
Tandem (Holborn) sus Ji уз — 
Gloucester Ax sis ute и | 1060 
Arkwright St. T Pes " ! 1000 
Churchtown А - sa 5 i 920 
Birkdale... ... is " 35 i 1100 
Bishopsgate 35 i 7300 
Macclesfield s3 i 1220 
Epsom Auto. Extn. : 300 
Chapeltown 25 | 810 
Arkwright st. 75 500 
Sherwood Gs eu » 680 
Gosport Р pr sins " | 270 
Portsmeuth ee ey жы Si | E 
York — NA 35 405 
Hayling Island ... 5» 300 
Leeds Obsn Desk 3% — 

New 
Ambassador m we. Manual 2000 
Goole a өз - 19 А 5s 560 
Garston a e 288 " 1400 
А Мапиа! 

Northwich ES "T "x Extns. 180 
East (London) ... a — ” 1410 
Cambuslang M sis ae ‘| 3» i 280 
Queens Park — vu is 1080 
New Cross aes а ae $5 goo 
Weymouth SN NA > 240 
Chiswick ae i 885 15 2140 
Camberley 7 260 
South Shields 2s aie js 1360 
Old Swan (L'pool) ... on i э | 1050 
Hecla & Sons P. A. B. x 30 
Bristol Corporation ... wee. 1 » 50 
Blackburn Infirmary ... ss 3 - 20 
Ferranti | т Rearrange- 

ment. 
Groves & Whitnall Ju DN » ! 30 
Harrods xx jd "E $$ 720 
Halifax Corporation у» 50 
Hughes & Son ... x г; $5 30 
Carricks sug T us » 30 


Orders have been placed for the following 
works :— 


Exchange. | Type. No. ef Lines. 
Amherst А site e | New Auto | 3600 
Fulham ... tee us Fis Ps \ 7500 
Moss Side ioi P sa 57 1773 
Dudley 15 1220 
Brierly Hill . e.. ses TI 490 
Cradley Heath ... "S its a 540 
Stourbridge А x 1020 
Bridlington 5) 1270 
Castleton » | 155 
Heywood » 365 
Littleborough M 260 
Milnrow эз 80 


Exchange. ‘Type. мо. of Lines. 

E Е ПИКЕ : : 
Norden "- "T die New Auto. 70 
Shaw Юя X Ss ss » 270 
Whitworth Se noe M » 80 
Mumbles ie» dui sees 1 ” 579 
Fleetwood и m .. Auto Extns. 220 
Hayling Island P "E » 300 
Leeds fas iss EN e » Modfns. 
Southborne Е Sa New Manual 1880 
Petersfield ste ЗЕ sse] » 500 
Winchester aes et jue 4 » 400 
Deal ке E» - "m » 860 

Manual 
Purley e sai T m Extns. 1020 
Mansfield "m -— P" y 460 
Putney ad as wae 22 i 35 1040 
Anfield E ie SE EE i 1140 
Rearrange- 

Ferranti - P. X. B. NX ment. 
Delta Metal Co. E | уз | 20 
Davenports x Е К. 23 | 20 
Manchester. Corpn. N | 300 
Ratcliffe & Ratcliffe 30 20 
Carricks, Ltd. й | 30 
Groves & Whitnall s | до 
Salford Corpn. M | 30 
Hughes & Son ... sus * 30 
Wiggins Teape & Co. ... т 40 
Мау & Co. TN PT "TES к 20 
Nairn & Co. sis 25 | 75 30 
Calico Printers ... - gei] " 30 
Atkinson & Son Bor se ] N 20 


STAFF CHANGES. 

Several important changes in the personnel of 
the higher posts have been recently announced. 
Mr. Sinnott, who retired on age limit, is 
succeeded by Mr. E. H. Shaughnessy, whose 
position as Assistant Engineer-in-Chief will be 
filled by Lt.-Col. Lee. The Metropolitan Power 
District has been absorbed by the London En- 
gineering District, and a Deputy Superintending 
Engineer, in the person of Mr. Gomersall, has 
been appointed to the L.E.D. Mr. J. W. 
Atkinson succeeds Mr. T. B. Johnston at Leeds, 
and Major H. Brown takes Mr. Gomersall's 
place at Nottingham. Mr. Greenham will go to 
Croydon on the retirement of Mr. F. Tandy, 
S.E. of the South Eastern District, and Mr. A. 
B. Hart will take over the charge of the Lines 
Section at headquarters when Mr. France re- 
tires in November. Мт. Hardham has been 
appointed Principal Officer in charge of the Staff 
Section in place of Mr. М. Е. G. Boddington, 
retired on age limit. 

We have been fortunate in securing life 
histories of several of the above. Others will 
follow in next issue. 


MR. J. 
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Mr. J SiNNOTT, O. B. K. 


Мк. J. SIS No. O. B. H., Assistant Engineer- 
in-Chief, retired from the service at the end of 
April last, having reached his allotted period but 
hale and hearty as ever. His popularity with the 
staff was evidenced by the large gathering which 
assembled in the Chief's room on the afternoon 
of the 22nd May to bid him an official farewell 
and to witness the presentation of a silver tea anc 
coffee service with an engraved salver, which had 
been subscribed for by members of the staff in 
all Districts as well as at headquarters. The 


Engineer-in-Chiet presided and opened the pro- 
ceedings in his usual genial manner. The lead 
set by the chief was followed by the other 
speakers, among whom were Mr. Sparkes, Con- 
troller of Stores, Mr. De Lattre, Mr. Mellroy, 
Mr. J. E. Taylor, representing the Districts, Mr. 
Pollock, Mr. К. А. Wells, Mr. J. W. Atkinson, 
and Mr. Shaughnessy. AIL the speeches bore 
testimony to the ability of Mr. Sinnott, to his 
characteristic good nature and kindliness of heart 
and to the valuable services rendered by him to 
the state. 

Col. Purves then made the presentation in a 
eulogistic but humorous speech, in which he paid 
tribute to his long friendship with the retiring 
Assistant’ Engineer-in-Clief, and to the assist- 
ance he had received from him throughout their 
service. 

Mr. Sinnott replied in а similar vein, and ex- 
celled himself in the adroitness of his remarks. 
His explanation of how he grew in weight and in 
substance while occupying the chair. formerly 
used by Col. Purves caused great amusement. 
He was leaving them only officially; he trusted 
he would meet most of the members present on 
the golf links, where he hoped to be able to reach 
—if not the plus four position, at least. equal 
terms with another Colonel, namely, Bogey of 
that ilk. He thanked them all for their kindness 
and for the good words that the speakers had 
used towards him. 

An account of Mr. Sinnott's career appeared in 
the July, 1922, issue of the Journal when he was 
promoted to the position of Assistant Engineer- 
in-Chief. 


LIEUT.-COL. A. G. LEE, O. B. E., M. C., B. Sc., ASSISTANT ENGINEER-IN-CHIEF. 


Col O Nil. Lee’s father was engineer in charge 
of Bangor section when his son entered. the 
Engineering Department in November, 1901. 
His first job was with Mr. Tremain, who was then 
engaged in loading the London-Birmingham 
cable with experimental air core coils fitted in 
wooden boxes. The work was extraordinarily 
interesting and this introduction to the service, 


plus of course his natural bent in that direction, 
no doubt led Mr. Lee to devote himself more 
particularly to the purely scientific side of the 
work. or several years he was assisting 
the late Mr. Hartnell in the design and 
testing of submarine and other types of cables. 
While engaged in this work he graduated 


B.Sc. at London University. His articles on 
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Telephone Transmission in the early vears of 
this Journal were of the utmost service to the staff 
and established his reputation as an authority on 
the subject, which was then beginning to be 
tackled in а systematic manner by the *dminis— 
tration. In 1908 he was appointed Second Class 
Engineer at Darlington, and in the following 
year promoted to be First Glass Engineer at 
Bolton. An open competitive examination for 
Assistant Staff Engineer in 1912 gave Mr. Lee 
his opportunity. and he came back to head- 
quarters as an Assistant Staff Engineer in the 
Telephone Section (Transmission and Mainten- 
ance Group). He was serving in the Local Lines 
when war broke out in 1914 and he immediately 
secured a commission in the R.E. Signal Service. 
During a large part of the war he was in charge 
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of Telegraph Construction Cov., R.E., and later 
was O. C., G.H.Q. Signal Area, and at the same 
time Second in Command, L. Signal Battalion. 
For his services he received the M.C., and when 
the war finished he held the rank of Major. He 
is now Lieut.-Colonel, Royal Corps of Signals 
(Supplementary Reserve). 

On his return to civil life Major Lee was for 
some time in the Construction Section, but was 
transferred to the growing Radio Section under 
the active leadership of Mr. Shaughnessy. In 
1921 he acted as British Delegate to the Inter- 
Ане! Radio Conference in Paris and in 1921-2 
he visited Egypt and India in connection. with 
the development of wireless services between this 
country, Egypt and Kurachi. In 1923 he began 
work on Trans-Mlantic Telephony in conjunc- 
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tion with the A. T. and T. Company. He paida 
visit to America in connection with this problem 
in 1925 and two years later witnessed the culmina- 
tion of his work in the opening of the telephone 
service to the States. For his services he was 
created ап Officer of the Order of the British 
Empire. 

Colonel Lee is a Member of the Institution of 


Radio Engineers and one of the Committee on 
Admissions to that body. He was chairman of 
the Wireless Section of the I.E.E. in 1927-8, 
and was awarded a premium for his opening 
address to the section. He is a member of 
several committees of the Radio Research Board 
and is chairman of the Committee on“ Atmos- 
pherics.”’ 


THOMAS BOYES 


Mr. T. B. Jonson, Superintending Engineer 
of the North Eastern District, retired on the 31st 
May after completing 43 years’ service. 

A Yorkshireman by birth, Mr. Johnson joined 
the Post Office Service at Hull in 1885. Mr. 
Johnson passed to Newcastle as a Junior Clerk 
in the P.O. Engineering Department in 1800. 
His appointment as Engineer in charge of the 
Newcastle Section came in 1894 ; subsequently he 
took charge of the Sunderland Section. At 
Newcastle the Post Office Telephone system had 
developed along its own lines under the able 
guidance of the Superintending Engineer, the 
late Mr. A. W. Heaviside. It was then com- 
peting with the late National Telephone Com- 
pany. With characteristic energy and resource 
Mr. Johnson did all that was possible to ensure 


the satisfactory working of the Trunk and Local: 


(Newcastle) svstem. 

In tgoo the development of the telephone 
service of London called a number of provincial 
engineers there on promotion, and Mr. Johnson 
was promoted to be rst Class Engineer, and two 
vears later Assistant Staff Engineer. The wide 
experience gained served in good stead, and he 
was interested in long distance speech trans- 
mission, carrying out experiments between this 
country and France and Belgium. 

In 1907; Mr. Johnson was promoted to be 
Assistant Superintending Engineer in the 
Northern District, and for a few years re- 
turned to the field of his earlier activities between 
the Tees and Tweed. It was necessary, how- 
ever, to make a further break in 1911, on his 
appointment as Superintending Engineer of the 
North Eastern District. 

The North Eastern District has been fortunate 
in its association with officers of outstanding 
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personality but never more so than when Mr. 
Johnson returned to Yorkshire. The first long 
distance balanced and loaded cable in the 
country was laid in 1913 between Leeds and Hull. 
This gave a great impetus to Trunk under- 
ground construction generally, and one of the 
first to grasp its significance was Mr. Johnson, 
who never ceased his advocacy of the extension 
of underground ; nearly all the towns in the Dis- 
trict are now linked up by underground cables. 
Concurrently, a large extension of local under- 
ground was carried out. In 1918 the Leeds 
Automatic Exchange was brought into service. 

This is considered to be a turning point in Tele- 

phone history in this country, inasmuch as no 

large industrial city had been worked on the 

Automatic System. The success at Leeds Ex- : 
change assisted the case for the general adoption 

of Automatic working. Mr. Johnson was not 

content to support the extension of Automatic 

working by recommendation only, but gave 

lectures and demonstrations. Since the Leeds 

Exchange was opened, Automatic working has 

been introduced at Grimsby, York, Harrogate. 

Halifax, Wakefield, Sandal, Keighley, and five 

Satellite Exchanges in the Leeds Automatic 

Area. 

Outside the Department Mr. Johnson's acti- 
vities have been varied and heavy. He has been 
Chairman of the North Midland Centre of the 
Institution of Electrical Engineers. His address 
as Chairman was a noteworthy definition of his 
broad outlook on modern industrial conditions. 
For many years, too, he has taken an active part 
in Church work, not onlv locallv, but in the 
Ripon Diocese. 

Mr. Johnson's relations with his staff have 
been cordial. Even during the war period when 
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Mr. Т. 


so many changes were made and in the recon- 
struction period after the war, the staff problems 
were disposed of with surprising smoothness. 
He was always ready to help in any way 
possible. Naturally a very kindly chief, he was 
most anxious to alleviate cases of hardship or 
misfortune which came to his notice. 

The Staff of the North Eastern District pre- 
sented Mr. Johnson with a five-valve portable 
wireless set, and Mrs. Johnson with a handbag, 
on the occasion of a complimentary dinner at 
Leeds. Mr. X. I.. De Lattre, Assistant Engi- 
neer-in-Chief, was present, together with old 
friends and colleagues—Mr. |. D. Taylor, 
Superintending Engineer, Edinburgh; Messrs. 
Bailey and Whillis, of the Engineer-in-Chief’s 


B 


. JOHNSON. 


Office ; Mr. Bell Smith, Postmaster of Bradte rd, 
representing the Postmasters, and Мт. T. A. 
Bates, District Manager. Mr. G. S. Wallace, 
Assistant. Superintending Engineer, occupied 
the chair, and Mr. W. S. Tinsley, Sectional 
Engineer, Bradford, proposed the health of the 
guest. Mr. S. A. Pickering, Staff Officer, made 
the presentation. 

It is a matter of deep regret to Mr. Johnson, 
and the Statf in the North Eastern District, that 
Mr. F. Е. Gibbins, late Assistant Superintend- 
ing Engineer, had to retire from active work in 
April owing to ill-health. 

It is difficult to couple Mr. Johnson's name 
with leisure in view of his present activities. Не 
leaves the Service with the best wishes of the 
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Staff for his continued happiness. If, at апу 
time, he is persuaded to take some leisure, Some 
say that the hills and moors bevond the Wharte 
will still test his powers as a pedestrian. Оп the 
other hand, there is undoubtedly a call from the 
east where walking is not so strenuous, where 
the country is close to the river and the sea, not 
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far from the City of the Three Crowns—Holder- 
ness. 
How heavy do journey on the way 
When what I seek, my weary travels end 
Doth teach that ease and that repose to say 
© Thus far the miles are measured from thy 
friend." 


MR. 


Мк. E. GOMERSALL. 


MR. E. GouEnRsarLL, O. B. E., M. I. E. E., who 
took up duty as Deputy Superintending En— 
gineer in the London District on the rst June, 
entered the Engineering Department at Leeds in 
1895. He was transferred to the Engineer-in- 
Chiefs Office in London in 1808 and was 
associated for many vears with the Assistant 
Engineer-in-Chief, the late Mr. M. F. Roberts, 
who was responsible for the design and method 
of the underground construction adopted in con- 
nection with the scheme for the telephoning of 
London. On 1/7/00 he was promoted to En- 
gineer 2nd class, and on 1/g/o4 after a competi- 
tive examination to Technical Officer 2nd class. 
During the following vears he was attached to 
the Headquarters Staff and was engaged chiefly 
on external construction matters until 1000, when 
he was transferred to the South Metropolitan 
District as Assistant Superintending Engineer, 
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In this District he assisted in dividing the 
Southern District after the transfer of the Royal 
Engineers to Ireland, and in the formation of 
what is now the South Eastern. District. 

During the greater portion of 1912 he was .\ct- 
ing Superintending South 
Metropolitan. District, during which period the 
Engineering. Staff and plant of. the National 
Telephone Company were merged in that Dis- 
trict. It is interesting to note that during the 
period Mr. Gomersall was in charge of this 


Engineer of the 


District the automatic equipment at Epsom was 
opened—the first automatic exchange in Great 
Britain. .Nutomatic Exchange transfers have 
also engaged his attention tor the last two vears, 
during which period 23 Automatic Exchanges 
were brought into use in the North Midland 


District, | including Chesterfield. Sheffield, 
Coventry, Nottingham and Leicester. — The 


simultaneous transfer at Sheffield from Magneto 
to Automatic working was the largest operation 
of the kind undertaken bv the Post Office up to 
date. Eleven Magneto Exchanges were closed 
and 9 new Automatic Exchanges were opened. 

On the formation in 1912 of a new London 
Engineering District, Mr. Gomersall was trans- 
ferred to Reading as Assistant Superintending 
Engineer, where he was associated with Mr. 
MeL. Robb in forming the new South Midland 
District, incorporating part of three other Dis- 
tricts and combining the National Telephone 
Company and the Post Office staffs in the 
territory. 

At the outbreak of war, Mr. Gomersall was 
actively engaged in various defence and other 
schemes in the military areas in the South Mid- 
land District. 

On the 23rd April, 1015, he took up duty as 
Superintending Engineer in Ireland in replace- 


/ 


ment of the Royal Engineer Officer who had been 
withdrawn. Не had to face many difficult prob- 
lems in Ireland. The Post Office. staff main- 
tained practically all the Railway signalling lines 
and apparatus, as well as the telephone and tele- 
graph svstem and a number of important wireless 
stations, including Valentia and Malin Head. 

In Easter, 1916, came the Irish Rebellion, and 
with it the destruction of the General Post Office 
in Dublin and the line plant there and in 
different parts of the country. In the trying 
times which followed, Mr. Gomersall was in close 
touch with the Admiral commanding at Queens- 
town, the Irish Command at Dublin and the 
United States Air Force Command, and many 
large and important schemes of communication, 
open, underground and submarine, were carried 
out successfully. 

In recognition of his work at this time, Mr. 
Gomersall was awarded the decoration of Officer 
of the Order of the British Empire. 


MR. С. F. 


Mn. G. Г. GREENHAM. 


Мк. GREENHAM was educated at Emmanuel 
School, Wandsworth Common, at King's 
College (London University) and for one year 
at a school in Germany. 

At King's College he studied under the late 
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In July, 1010, Mr. Gomersall was transferred 
to England as Superintending Engineer of the 
North Midland District and during the nine years 
which followed. considerable development. took 
place in that District. The number of telephone 
stations. increased by 110%, the mileage of 
underground wire by 303%. the mileage of duct 
by 209%, the mileage of open wire by 30% and 
the number of Exchanges by 38%. 

634 miles of main underground cable were laid 
including the London - Manchester, 
Derby and Derby-Leeds main cables. The 
Leicester Repeater was opened and subsequently 
the Derby Repeater Station. 


London - 


Recently, Mr. Gomersall has devoted much 
time to the application of machinery to the De- 
partment's accounting requirements and to the 
simplification of the Unit Construction Cost 
system. He takes with him to his new sphere 
the good wishes of the staffs of the various 
Districts in which he has worked. 


GREENHAM. 


Dr. John Hopkinson and Prof. Ernest Wilson, 
and gained a scholarship which entitled him to a 
further period of one vear in the Siemens Electri- 
cal Laboratory, free on the understanding that he 
assisted in the conduct of the evening classes. 

During this period he was associated with Dr. 
Hopkinson's research work on the distribution 
of magnetism in iron, concerning which a paper 
was read before the Royal Society. 

After leaving King's College he spent а vear 
as an improver in the Charing Cross and Strand 
Electricity Supply Station. This station was at 
the time equipped with Williams! high speed 
engines and Mather and Platt dynamos. 

In March, 1895, a friend suggested to him that 
the telephone business offered a good field for 
young engineers, and Mr. Greenham joined the 
National Telephone Company's service as switch- 
board fitter. The change from lighting station 
switchboards to telephone switchboards was very 
marked, 

His first employment was at the exchange in 
Queen Victoria Street. A new switchboard of 
the flat multiple tvpe was being built to replace 
the single line switchboard then in operation, 


MR. G. F. 
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The flat board gave good service, being recovered 
in June, 1926, after 31 years’ service. For many 
years it was known as the Bank Exchange. 
When the new switchboard was put into service 
Mr. Greenham became Test Clerk and, later, 
exchange inspector. 

In 1897 he was transferred to the Gerrard Ex- 
change. While there the flat board was re- 
placed by one of the Christiania type. This in- 
stallation was not a success and the Christiania 
board was subsequently replaced by a С.В. 
board. In June, 1890, he was appointed Switch- 
room Manager. The Switchroom Manager in 
those days controlled the electrical work, both 
construction and maintenance as well as the 
traffic. 

In 1901 Mr. Greenham became Assistant 
Electrician, Western District (London). In this 
capacity he took part in the provision of the first 
С.В. exchange in London (Kensington). In 
1903 he was appointed Electrician of the Western 
District, under the then District Manager—Mr. 
R. X. Dalzell. In 1905 the staff of the Metro- 
politan Area was re-organised on functional lines 
under Mr. C. B. Clay, the Superintendent at this 
stage, and Mr. Greenham became Metropolitan 
Maintenance Electrician and in 1:907; Metro- 
politan Electrician responsible for all internal 
construction and maintenance. During his 
period of service with the Company he was con- 


MAJOR H. 


Mr. Brown entered the Superintending En- 
gineer's Office at Birmingham in 1896, after 
serving six years in the Telegraph Instrument 
room in that city. In 1900 he was appointed 
Sub-Engineer at Coventry and in тооз he be- 
came Second Class Engineer in charge of the 
Stafford Section. In spite of a small staff, many 
big works were carried out in the section and on 
the reorganisation in 1904 he was transferred to 
the newly formed District Estimates Section, 
from which he was transferred by Major 
O'Meara, then Engineer-in-Chief, to the Survey 
(now Lines) Section at headquarters. In 1910 
Mr. Brown was promoted to be First Class En- 
gineer at Belfast and while there he was sent as 
one of the Department's representatives to the 


GREENHAM. 179 


nected with two big events—the London Wall 
exchange and Bank Test Room fires. 

Mr. Greenham was one of three men who 
started and ran the Company's Correspondence 
Classes. In 1911 he was transferred to the P.O. 
Engineering Department as Assistant Superin- 
tending Engineer, Met. South District. Shortly 
afterwards the present London Engineering Dis- 
trict was formed under the Superintending En- 
gineership of Mr. A. Moir, when he was trans- 
ferred to Denman Street. 

During the war period he acted as liaison 
officer between the Department and the London 
Air Defence Control and was responsible for the 
equipment, so far as communications were con- 
cerned, of the gun and searchlight stations and 
control stations, including the arrangements at 
G. H. O. Horse Guards. For his services he was 
made M.B.E. In 1922 he was elected to fill the 
racancy for an Assistant Staff Engineer caused 
bv the transfer of Mr. H. P. Brown to Australia. 

Since his advent in the Engineer-in-Chief's 
Office the amount and complexity of the duties 
have grown considerably, thanks to ihe activities 
in connection with the introduction of the auto- 
matic system, particularly the Director System. 
As a measure of his responsibilities it may per- 
haps be pointed out that he was responsible to the 
Staff. Engineer for the work of five groups per- 
forming widelv different duties. 


BROWN. 


International Telegraph and Telephone Con- 
ference at Paris. Later in the same year he was 
seconded for dutv on the Inventorv Staff for the 
valuation of the Х.Т. Cov's plant. Оп com- 
pletion he returned to headquarters in charge of 
a valuation group, and during the time the case 
was before the Courts he and the late Mr. Walter 
Twells were engaged until well after midnight 
on many nights preparing for the next day's pro- 
ceedings. For his services he received a special 
award of £200 from the Department. 

Mr. Brown was in the Local Lines when he 
was appointed Assistant Director of Army 
Signals, with the rank of Captain, prior to the 
war, and on the outbreak he acted as assistant to 
the late Sir Andrew Ogilvie. He was then given 
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Мајок H. Brown. 


command of No. 5 Telegraph Construction Coy. 
in France. He was twice mentioned in Des- 
patches and awarded the O. B. E. 

Since his return he has been engaged in the 
Construction Section, chiefly on the delicate 
work of negotiation. with Road authorities in 
respect of costs of re-instatement of pavings and 
damage to property. |n june last vear Major 
Brown was sent on a commission to Sweden to 
inquire into the methods of construction adopted 
in that country, and what he saw there he has 
detailed to many hundreds of his colleagues dur- 
ing the tour he has made throughout the country 
to effect economies in construction costs. 

At the last grand manceuvres in the South 
West of England, Major Brown was the P.O. 
representative at the Directing Force camp, and 
he has acted in other matters for several vears 
past as а liaison. officer between the Department 
and the Defence forces of the country. 


LONDON DISTRICT NOTES. 


Telephones.—The changes in the number of 
exchange lines, extensions and stations during 
the quarter ending, and the totals on, 31st March, 
1928, were as follows :— 


Increase. Total. 
Exchange Lines 8.570 335.502 
Extensions 4.365 280,832 
Stations 11,8832 561,744 


External Plant.—The changes in mileage dur- 
ing the three months ended gist March, 1928, 
and the totals on that date were as follows: — 


Line Mileage. 


Increase Total 
Miles. Miles. 
Pole Line ... - 31 5,855 
Pipe Line ... — 187 9,625 


Single Wire Mileage (decreases in ttalics). 
Overhead. Underground. Total. 


Miles. Miles. Miles. 
l'elegraphs - 4 238 25,218 
Telephones (EN.) ... 537 42,057 2,235,536 
» (Trunk). 34 2,720 71,281 
Spare* - кє == = 106,950 


EXCHANGE WORKS. 
The installation of the Automatic Exchanges 
known as Sloane, Bermondsey and Monument is 


* 


l.e., excluding small gauge local conductors. 


well advanced and it is expected that they will be 
opened, in the order named, during the next few 
months. 

Fairfield Exchange—h vpothetical on Croydon 
—was opened on May 2nd. 

Ingrebourne Exchange (C.B.S.), situated in 
the Sunny Town Post Office, has been installed 
to relieve the Romford Exchange and was opened 
on May 24th. 

Temple Bar (Relief) Exchange was opened on 
May 25th on the old Holborn manual equipment 
and forms a nucleus for transfer to Temple Bar 
(Auto.) Exchange at a later date. 


Beckenham (Relief) Exchange— С.В. No. to, 
capacity Soo lines, is being installed by the De- 
partment’s staff, and, it is anticipated, will be 
opened for traffic on July r4th. 

The General Electric Company have started 
work on the new Sutton Exchange. The equip- 
ment (С.В. No. 1) will provide for 4,880 lines. 


At Woolwich Exchange an extension of 1,080 
lines was commenced by Messrs. Siemens on 
Мау 215. | 

Willesden Exchange equipment is being in- 
creased by 1,060 lines to a total capacity of 7,400 
lines. It is anticipated that the work, which is 
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being carried out by the General Electric Com- 
pany, will be completed by September. 
Included in the Р.В.Х. installations now in 
hand are two C.B. 10A equipments for Imperial 
Chemical Industries Limited and (Grosvenor 
House, respectively, each of which has a capacity 
of over 1,000 circuits. A Р.А.В.Х. has recently 
been installed by Messrs. Siemens for Messrs. 
Harrods, with a capacity for 000 extensions. 
This was brought into service at the end of May. 
The transfer of Lloyds from the Royal Ex- 
change to the new building in Leadenhall Street, 
which was officially opened by the King on 
30/3/28, involved the installation of the follow- 


ing :— 


Lloyds Exchange Service— 
- 10 X 50 
2 Switchboards - > 
55 
12 Ехсһапее lines. 
Internal extensions. 


1 
3 Tie lines. 


Underwriters’ Installations— 
3 Switchboards No. 9. 
8 Incoming Exchange lines. 
18 Outgoing Exchange lines. 
Bothway Exchange lines. 
26 Lines to cabinets. 
go Extension lines to Underwriters’ tables 
in main hall. 
go Private wires to Brokers’ Offices. 


Cn 


Main Frame— 
1000 Pair cable to Avenue Exchange. 
200 Pair cable to Central Exchange. 
1400 Pairs to various floors. 
1200 Miscellaneous circuits. 


MACHINE TELEGRAPH SCHOOL. 


A small school has been fitted up with Start- 


Stop apparatus to enable instruction to be given 
to operators. This school is on similar lines to 
that provided for the engineering staff. 
TELEGRAPHS. 
Central Telegraph Office. 

New Test Room.—The first stage of the new 
Test Room has been completed, namely, the 
erection of the ironwork with accommodation 
for 10,000 wires. It occupies a large room in the 
basement of the main building; whereas the 
existing frame is outhoused in an unsatisfactory 
position in the area. 

Telegraph Typewriters. — These have now 
become engineering items. t the C.T.O. 134 
tvpewriters have either been newly provided or 
taken over from the Stationery Office, and are to 
be maintained by engineering workmen. They 
have been supplemented by double-slip guides 
and lecterns ; covers have also been fitted over the 
keyboards of instruction machines, to force 
students to rely on touch alone. 

Slip- Wheels.—The needs of the Beam Services 
have led to a proposal for slip-wheels with 
springs at the sides, so that the relative telegram 
forms may be associated with the perforated slips. 

Baudots. — The conversation to automatic 
working continues, the latest circuit altered being 
Newcastle. 

Pneumatic Tubes.—Building operations at 
the C.T.O. having revealed unsatisfactory sup- 
ports of the tubes, the facilities afforded by the 
Office of Works scaffolding enabled new sup- 
ports to be provided, and, incidentally, to im- 
prove the general appearance of the ceiling above 
the Centre: 

An engineering officer has devised new types 
of Carriers constructed of rubber. Another 
officer has devised a new type of teleswitch for 
use on automatic tubes. 


THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS. 


THE Annual General Meeting of the Institution 
was held at the Institution of Electrical En- 
gineers London, on Tuesday, May 8th, 1928. 
The Chair was taken by the President, Col. 
T. F. Purves, M.I.E.E. 

The Annual Report of the Council was read 
by the Secretary (Dr. R. V. Hansford) and the 


Annual Financial Statement was presented by 
the Treasurer (Mr. В. O. Anson). Mr. J. W. 
Atkinson moved the adoption of the Annual 


Report and Financial Statement and this was 


seconded by Capt. J. G. Hines. After Mr. 
Anson had replied to several queries raised by 
the speakers the resolution was carried unani- 


M 


182 THE 


INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 


meuslv. Mr. S. Upton proposed a hearty vote ef 


thanks te the retiring Members ef the Ceuncil, 
Messrs. A. S. Carr, C. W. Messenger, Н. ]. 
Millett and E. ]. Wilby, for their services on 
behalf of the Institute. This was seconded by 
Mr. J. Cowie, and Mr. А. S. Carr replied on be- 
half ef he retiring members. 


The President then presented the Institution 
Medals fer the Session 1926-27 as follows: — 

Senior Silver Medal to Mr. J. Innes, B.Sc., 
fer Paper No. 114 on “ The Edinburgh 
Autematic Multi-Office Transfer." 

Senior Bronze Medal to Mr. W. Cruick- 
shank. MI. I. E. E., for Paper No. 113 on 
“ Voice Frequency Telegraphs.”’ 

Junior Silver Medal to Mr. B. Miller, for 
Paper No. 115 on Wavleaves and Re- 
lative Difficulties." 

The President also presented Mr. К. W. O. 
Abbett, Cable Room Workshop, C.T.O., with 
the Booth-Baudot Award for the vear 1927-8 fer 
his suggested improvements in telegraph svs- 
tems. 

The Annual Meeting was followed bv a meet- 
ing ef the London Centre, at which an address 
was given by Capt. B. S. Cehen, M.I.E.E., 
en The Internatienal Committee оп Long 
Distance Telephony and seme aspects of its 
Engineering Werk," et which the follewing is 
à synepsis :— 

Intreduction and historical. 

Nete en the growth of Internatienal Tele- 

pheny. 

Organisation of the Committee. 

The five sub-cemmittees dealing with engineer- 
ing subjects. 

Transmission units. 

Overall transmission allowance frem sub- 
scriber te subscriber оп Internatienal Cir- 
cuits, and allocation of the allowances be- 
tween the instruments and the circuits. 

Telephene Transmission Master Reference 
System, and general netes en its censtruc- 
tien, installatien, calibratien and eperatien. 

Transmitter and receiver, electre-aceustic 
efficiencies. 

Articulation and intelligibility; hew defined 
and measured. 

Seme articulation efficiencies ef transmitters, 
receivers, lines, etc. 


The testing ef the transmissien efficiency of 
subscribers’ instruments in situ. 

Notes en telephone aceustics with a brief intro- 
ductien te the theory ef plane and spherical 
fields ef sound radiatien and electrical 
analogies. 


COUNCIL FOR THE YEAR 1928-29. 
The censtitutien ef the new Council is as 
follows : — 
Chairman—Mr. A. L. DeLattre. 
Honerary Treasurer—Mr. C. J. Mercer. 
Representing Staff ef the Engineer-in-Chief's 


Office— 
Mr. B. O. Anson and Mr. P. J. 
Ridd. 
»5 Executive Engineers— 


Lenden: Mr. f. Cewie. 
Previnces : Mr. S. Upton. 

35 Asst. & Secend Class Engineers— 
London: Mr. P. б. Hay. 
Provinces: Mr. А. E. White. 

- Chief Inspectors— 

Lenden : Mr. J. D. Beulten. 
Previnces: Mr. W. X. Satchwell. 

» Clerical Staff— 

Lenden: Mr. E. T. Larner. 
Previnces: Mr. H. Lenglev and 
Mr. H. Willceck. 

УУ Inspecters— 

Lenden: Mr. N. Layton. 
Previnces: Mr. Thos. Davidsen. 

- Draughtsmen— 

Lenden and Previnces: Mr. R. 
J. Stewart. 
Secretary—Dr. К. V. Hansferd. 


PRINTED PAPERS. 


The fellewing is a list ef the printed papers. 
issued to the Membership during the year 1927- 


28 :— 


No. 108. “Seme <Applicatiens ef Optical 
Metheds te the Examinatien ef En- 
gineering Material," Е. . Barralet, 
M.Inst.Metals, A.M.I.E.E. 

No. 109. The Preblem of Flexibility in Sub- 
scribers' Cable Distributien," Harvey 
Smith. 

No. III. “scientific Organisation and the 


P.O. Engineering Department," F. 
С. C. Baldwin, M.I.E.E. 
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No. 112. '' Telephone Repeaters and their 
Maintenance," C. Robinson, B.A., 
N. M. IEE. 

No. 113. “ Voice Frequency Telegraphs," W. 
Cruickshank, M.I.E.E. 

No. 114. “ The Edinburgh Automatic Multi- 
Office Transfer, J. Innes, B.Sc. 

No. 115. '' Wavleaves and relative difficul- 


ties," B. Miller. 


The following paper is in the press :— 
No. 110. Testing of Telephone Circuits 
and Apparatus with Alternating 


Currents," E. S. Ritter, D.F.H., 
A.M.I.E.E., and G. P. Milton. 
The Council has decided to print the following 
papers :— 

The Director. Its Application and the 
Functions performed," C. W. Brown, 
A.M.L E. E. 

Satellite Working in Automatic Areas," 
F. I. Кау, B.Sc., F.H.D., A.M.LE.E. 

“© Sparking and Arcing at Relay Contacts 
and the use of Spark Quench Circuits,” 
A. H. Jacquest, A.M.I.E.E., and L. H. 
Harris, M.Sc.(Lond.), A.C.G.I. 


LOCAL CENTRE NOTES. 


SCOTLAND EAST CENTRE. 

The opening meeting of the Session was held 
in the Royal Scottish Society of Arts Hall, 
Edinburgh, on November 24th. The Chairman, 
Mr. J. D. Taylor, intimated the sudden and un- 
expected death of Mr. J. C. Sim, Draughtsman, 
and members stood in silence as a mark of respect 
and esteem. After a few appropriate remarks, 
the Chairman introduced the lecturer, Mr. F. I. 
Ray, B.Sc., D. F. H., . M. I. E. E., of the En- 
gineer-in-Chef's Office, who lectured on“ Satel- 
lite Working in Automatic Areas.“ The lecture 
proved most interesting and instructive, and was 
illustrated by a splendid series of lantern slides. 
Full working models showing various arrange- 
ments were operated during the course of the 
lecture, and afforded an exceedingly useful 
demonstration. Mr. J. Innes and Mr. J. S. 
Elston raised a number of interesting points 
which were replied to by Mr. Ray. 

At the December meeting Mr. R. T. Robin- 
son, A.M.I.E.E., Engineer-in-Chief's Office, 
lectured on ** Motor Transport in the Engineer- 
ing Department." After dealing with its histori- 
cal aspect and describing the various makes of 
vehicles in use, the Lecturer's headings included 
Statistical records, Estimated savings and Per- 
centage efficient use, Inspection reports, Over- 
hauls and Repairs, Replacements, Trading 
account, Future development, and Training of 
Staff. Lantern slides were used to illustrate the 
various points as the lecture proceeded. The 
subject provoked a very long, keen and interest- 
ing discussion, which showed how closely this 


phase of the Department's operations was being 
studied. 

"The arrangement under which the Stores De- 
partment deals with the Engineering work in 
connection with postal motor vehicles was 
severely criticised by several speakers. The 
work could, without a doubt, be handed over to 
the Engineering Department with marked ad- 
vantage to the Service. 

At the third meeting of the Session on 17th 
January, Mr. J. McIntosh read a paper entitled 
Forms and Methods in Preparing Estimates." 
He proceeded to show how, by the use of suitable 
forms, the work of preparing estimates, includ- 
ing the pricing of the stores in blocks, could be 
considerably simplified and expedited, and the 
risk of omissions reduced to a minimum. The 
system provided the Works Inspector with a 
detailed plan of the work to be undertaken and a 
ready means of keeping in touch with the work as 
it progressed and noting at once any necessary 
departures and the reasons for them. It also 
provided for the efficient clerical control of 
Stores. Other suggestions included an in- 
genious set square with standard symbols, also 
an arrangement for determining the available 
spare space in ducts and pipes; and a simplified 
method of preparing local line plant records. 

A useful item included in the suggestions was 
a slide rule, which had been made by Mr. 
McIntosh, together with instructions regarding 
its use. The slide rule enables the diameter, 
make-up, etc., of Lead Covered Paper Core 
Composite Cables to be calculated in a mere 
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fraction of the time ordinarily taken, and also 
provides a ready means of ascertaining the 
weights of recovered scrap lead and copper for 
estimate purposes. The discussion was of a very 
high order and was ably replied to by the 
lecturer. Many of the suggestions have been 
tried out in actual practice, with entirely satis- 
factory results. 

The system is simple and effective as compared 
with existing procedure, and the bulkiness of the 
numerous tables, etc., which had been prepared, 
serves but to emphasise the gigantic tasks which 
form the day to day routine of the Engineering 
Department. 

The February meeting took the form of a joint 
session with the Institution of Electrical Engi- 
neers, Scottish Centre, and was open to the 
general public. 

An illustrated lecture, entitled“ Rugby Radio 
Station," was delivered by Mr. E. Н. Shaugh- 
nessy, О.В.Е., М.Т.Е.Е., М.1.К.Е., Assistant 
Engineer-in-Chief. As the lecturer proceeded to 
develop his subject in an easv conversational 
style, the crowded gathering followed each phase 
with wrapt attention, and it was readily apparent 
that the subject matter made a strong appeal to 
all who were privileged to be present. 

Sir J. Alfred Ewing, K.C.B., M.A., D.Sc., 
L.L.D., F.R.S., Principal of the Edinburgh 
University, presided at the meeting and also 
moved a vote of thanks to the lecturer. The 
choice of chairman was particularlv appropriate, 
as the lecturer was in close association with him 
on important work during the war. The lecture 
was given considerable publicity. Display bills 
were posted throughout the town, the newspapers 
printed preliminary reports, and a detailed an- 
nouncement was broadcasted on two occasions. 
The various Scientific Societies and Educational 
Bodies were well represented at the meeting, and 
more than 1,500 requests were received for the 
730 available tickets. The freely expressed 
opinion was that the lecture had been an unquali- 
fied success, and it was certainly an excellent 
advertisement of the Post Office activities. 

At the meeting on 20th March, the chairman 
intimated that the Senior Silver Medal of the 
Insitution had been awarded bv the Council to 
Mr. J. Innes, B.Sc., for his paper entitled 
Edinburgh Automatic Multi-Office Transfer." 
Mr. Taylor, on behalf of the members, congra- 


tulated Mr. Innes and said that the award of the 
Medal was very gratifving to his fellow members 
in the Scotland East Centre. 

Mr. Н. Burgher then read a paper on Prob- 
lems and Methods of Subscribers’ Distribution." 
Edinburgh is probably unique as regards the 
large number of loftv tenements, each house of 
which is generally owned by a different landlord. 
The lecturer dealt with the ex-National Tele- 
phone Companv's system of distribution bv 
means of roof standards, and showed the advan- 
tages gained by scrapping that system. Smaller 
D. P. areas and block-wiring schemes had pro- 
vided a more economical and reliable service, and 
reduced to a minimum the dangerous overhead 
maintenance work. 

The organisation for carrying out block-wiring 
schemes was detailed. It was considered that a 
lay-out plan of the work should be prepared a few 
hours in advance of the work being actually put 
in hand. Particulars were given of a specially 
made tool for dooking walls, which had given 
excellent results. The desirability of including 
in the gang a first-class jointer skilled in all 
departments of cable jointing was emphasised. 
А new form of cable clip was suggested, which, 
it was claimed, would avoid the necessity for 
“threading " cables, with the consequent 
liability to damage to the lead sheathing, and 
would also provide a quicker and more economi- 
cal arrangement for replacing cables. 

The advantages accruing from the fixing of 
C.D. Plugs upside down, together with an im- 
proved method of fixing the plug and tails to the 
wall, were explained. .\ suggestion was made 
that telephone wires should be led in at the top 
of windows and builders of future houses should 
fit a suitable pipe between the top of the side 
frame of the window and the lintel, where it 
would be in a sheltered and protected position. 
The paper was followed bv a useful discussion. 

The Agenda then provided for '' Informal 
Discussions.“ 

The subjects dealt with included '* Fault Re- 
turns," “ The Right Mental Attitude towards 
Subscribers’ Complaints," “ A Working week 
of five days for Gangs in Isolated Localities,” 
Standard Form used in connection with the 
Provision of Subscribers’ Circuits,“ “ Improve- 
ments which coule be effected by the Control of 
Complaints directly in Automatic Exchanges at 
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the Test Desk instead of bv the Monitors as at 
present." The subjects were fully debated. 

Hearty votes of thanks to all the Lecturers were 
carried with acclamation. 


SOUTH LANCASHIRE CENTRE. 

At the sixth meeting of the Session, held on 
March sth, Mr. A. S. Renshaw, of the Engineer- 
in-Chief's office, gave an informal address on 
“ Some Considerations relating to the Clerical 
Organisation of the Engineering Department." 
A very interesting review was given of the im- 
provement which have been made in the clerical 
organisation during the past 13 or 20 vears, 
followed by an explanation of the basis on which 
the size of the clerical staff was at present deter- 
mined. Criticism of these arrangements was 
sought from the members, and a spirited discus- 
sion resulted. 

At the final meeting, held on April 2nd, a joint 
paper was presented by Messrs. F. E. Bentley, 
X. XVI. I. E. E., and L. Н. Crane, X. M. I. E. E., en- 
titled ''* Underground Cable Maintenance — 
Notes on the results of three years special test- 
ing." The paper, while referring to the success 
achieved by Routine and Precision testing, dealt 
more particularly with the large number of 
electrolytic corrosion cases experienced in the 
District. X description was given of the 
svstematic surveys of sheath currents and volt- 
ages which had to be undertaken and the manner 
in which the source of such currents was traced. 
А useful discussion followed. 


NORTHERN CENTRE. 

On the 18th January Mr. G. F. Bellwood, 
NI. I. E. E., delivered a paper on “Through 
Signalling on Trunk and Junction Circuits.” 
The author stated that the object of the paper 
was to deal in a simple manner with through 
signalling over circuits worked on a full auto- 
matic signalling basis. The facilities provided 
by such circuits were detailed. The arrange- 
ments for through signalling on C.B.S. No. 1 
Exchange circuits and on circuits connecting 
different types of Exchanges were described, 
together with the apparatus connections involved 
in setting up such calls by controlling tele- 
phonists. The through clearing operations from 
the distant subscribers to the Controlling Ex- 
change were also described and notes given on 


the difference between the method of through 
signalling in C. B. S. No. 1 Exchanges compared 
with Common Battery and C.B.S. No. 2 Ex- 
changes. The paper was illustrated with 
diagrams and was commented upon as being 
instructive and interesting. 

On the 15th February Mr. W. Weightman 
read a paper on “ The Laying of Holy Island 
Cable." The work in question was the laying 
of a four core light sheathed Submarine Cable 
across, approximately, three miles of mud flats 
between Beal апа Holy Island T.P’s. and 
followed on a decision to provide a Call Office at 
Holy Island Post Office and to provide additional 
communication facilities for the Coast Guard 
Station. The author described the organisation 
for carrying out the work and the method of 
laying the cable which was adopted, together 
with the reasons for its adoption, and the alter- 
native methods which were available. The diffi- 
culties encountered in carrving out the work were 
dealt with and the varying experiences of the 
men, who, owing to the lack of housing accom- 
modation on the Island, were provided with a 
well-organised camp, replete with all con- 
veniences for their comfort, were described. 

The paper, which was rather out of the 
ordinary, was illustrated with twenty-two slides 
and was very well received. 

The Junior Silver Medal has been awarded by 
the Council to Mr. B. Miller for his paper on 
“© Wayleaves and their Difficulties." 

Arrangements are in hand for a summer out- 
ing in the second week of July. 


NORTH WALES CENTRE. 


The final meeting of the 1927-28 Session was 
held at Shrewsbury on 14th March, 1928, when 
Mr. E. A. Pearson, A.M.I.E.E., read a paper 
entitled Waste,“ of which the following were 
the principal headings :—The need for economy ; 
Engineering design in relation to waste; The 
function of ап Engineer; Capital Expenditure; 
Lost interest and lost revenue; Temporary work ; 
Plant Lay-out; Standardisation; Planning De- 


partment; Execution of works;  Misdirected 
Energy; Waste of time, — Prevention and 


checks; Importance of the individual. The 
paper was a very thoughtful and comprehensive 
contribution and provoked a lengthy discussion 
and many appreciative comments. 
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Official Minutes of the work of the 4th Plenary 
Conference of the International Advisory Com- 
mittee on Long Distance Telephony (C.C.I.) 
held at Como from 5-12 September, 1927. 

1. List of delegates and experts from the 

private industry. 

2. Minutes of the Opening Session. 

3. Questions of General Organisation. 

4. Questions of transmission, maintenance and 

supervision on lines and in exchanges. 

. Questions of traffic and operating. 

. Questions concerning the protection of tele- 
phone cables against electrolytic action 
and chemical action. 

. Minutes of the Closing Session. 

. Summary of questions dealt with by the 
Committee since its inception. 

Book in quarto paper cover, containing 160) 
pages and 37 illustrations. Price, in France. 
IO Frs. (post free 11 Frs.); other countries 12 Frs. 
post free.* 


Am 


Со “ї 


* Payment should be made by post office order 
addressed to M. le Secrétaire Général du Comité 
Consultatiff International des Communications 
Téléphoniques a Grande Distance, 23 Avenue de 
Messine, Paris, бе. 


Electrical Engineering Economics." By 
D. J. Bolton, B. Sc., A.M.I.E.E. Chapman & 
Hall, Ltd. 21/- net. 

In view of the importance of economics to 
engineering—in fact most engineering problems 
are essentially economic—it is strange that the 
literature of this aspect of engineering is so 
sparse. Indeed, as the author points out in his 
preface, most of the books on this subject have 
dealt only with production problems—costing, 
price fixing, and works management economy— 
and have given no account of the problems of 
economics arising after the stage of manufacture. 
The aim of the author of this work is, therefore, 
to explain the principles of the economics of use, 
or, as he calls it,“ consumption economics." 

With the object of making his work self- 
contained, the author has divided his subject into 
three parts. The first deals with general 
economic principles, and, as such, makes no 
claim to originality. But the information 


given therein regarding capital, interest, depre- 
ciation, and the various tvpes of annuity and 
sinking fund is sufficient to enable a reader to 
master the main argument of the work without 
reference to other literature. B 

The second and third parts are concerned more 
particularly with the application of the economic 
principles enunciated in the first part to electrical 
engineering problems—from the standpoint of 
the utilisation of electrical energy, rather than 
from that of the manufacture of electrical 
apparatus. X rough distinction between the 
second and third parts assigns '' Choice of 
Plant "' to the former, and“ Supply Problems "' 
to the latter, but some overlapping between the 
two 1s inevitable. 

Thus in the second part the economic basis of 
Kelvin’s Law for Cables occupies the first 
chapter, while later chapters show how economic 
principles should determine the choice of motors 
of differing capital cost, efficiency, life and 
salvage value. This is followed by a similar 
treatment of transformers, while the peculiar con- 
ditions in the case of lamps are the subject of the 
last chapter of this part. 

In the third part, problems ot tariffs, load and 
diversity factor, power factor and so on receive 
attention, and in view of the great variety of 
tariffs ip existence there is no need to stress the 
importance of their economic aspect. 

A verv valuable feature of the work is the 
number of worked examples, both in the text, 
and at the end of many of the chapters. Others, 
unworked, are included in an appendix. Im- 
portant equations relating to simple and com- 
pound interest and tables for sinking fund 
deposits and for life of plant form other useful 
appendices. 

The book is very readable and is a valuable 
addition to the literature of electrical engineering. 

G. F. O DEEL, 


“ Automatic Telephony Simplihed." By C. 
W. Brown, A.M.I.E.E. Sir Isaac Pitman & 
Sons, Ltd. 6/-. 

This is an addition to the series of Telephone 
handbooks published by Sir 1. Pitman & Sons, 
items of which have already been reviewed in 
these columns. The publication maintains the 
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standard set by previous authors. The book is 
an excellent introduction to step-by-step auto- 
matic telephony and carries the student by easv 
stages to the elements of the svstem adopted for 
Metropolitan areas. 

The arrangement of the text and method of 
treatment are excellent and the illustrations in- 
cluding the diagrams distinctly above the aver- 
age. The book can be confidently recommended 
to students who are preparing for examinations 
that include Automatic Telephony in their 
syllabuses. Mr. Brown is an experienced 
teacher, a fact which is evident on reading his 


book. B. O. A. 


Kempe's Engineer's Year-Book for 1928. 
Thirty-fifth edition, with over 3,000 pages and 
2,300 illustrations. Crosby "Lockwood & Son. 
Price 30/- net. 

There is no book of reference in the English 
language so useful to engineers of all classes as 
Kempe's; it is doubtful whether there is anv 
volume in existence so packed full of reliable data 
and figures and so well arranged for ready re- 
ference. The developments in highway con- 
struction, steam power, electrical. engineering, 
traction, internal combustion engines and their 
application to road and air traffic, have been kept 
pace with in a remarkable manner, while duc 
regard has been paid to the advances made in 
marine engineering, gas and gaswork practice, 
mining and machine tool treament, etc. Many 
notes on practice become obsolete have been 
excised, but the book, as might be expected, is 
bigger than ever. It has for long been an under- 
stood thing among engineers when points are 
raised outside usual everyday practice to “ look 
it up in Kempe,” and the latest edition will not 
be found wanting. Our advice to those who 
treasure their old edition is to scrap it and buy a 
new copy, in the same way as they would treat an 
old machine which had served its time faithfully 
but which could not be brought up to date 
economically. 


Book of Telegraphy.” A. E. 
Macmillan & Co., Ltd., 


“ A Тех 
Stone, X. R. C. Sc. 
London. 20/- net. 

The author’s experience in teaching at the 


Polytechnic has resulted in his producing a text 
book on Telegraphy which will be regarded as a 
classic work on the subject. Intended primarily 
for the use of students preparing for examina- 
tions, the author has compiled a work which not 
only fully meets its original requirements, but 
will serve also as a valuable book of reference to 
engineers engaged in the practice of electrical 
communications generally. 

The first seven chapters dealing with the 
fundamentals of electrical measurements contain 
a mass of information useful to the student and 
lead naturally up to the consideration of the 
application of the principles to working svstems. 
The following chapters deal systematically with 
universal battery working, the simpler key 
systems, double current, duplex, central battery 
and concentrators, quadruplex, Wheatstone auto- 
matic, repeater and type printing systems. In the 
last-mentioned the subject is brought right up 
to-date and the descriptions cover all apparatus 
recently tried out and in operation by the British 
Post Office Department. Line work, protection 
from power circuits and lightning and the testing 
of lines are dealt with in three chapters, while a 
fourth gives an account of the construction of 
submarine cables and the methods of operation. 
It is a pity the author has omitted a description 
of the system of regenerative repeaters now used 
so successfully by cable companies, but this, 
we hope, will be induded in a later edition. 
Мт. Stone. should. note also that a knot is 
a velocity and not a length. * very useful 
chapter on alternating currents and the pro- 
pagation of signals along telegraph lines 
follows, and finally a brief summary of the prin- 
ciples involved in radio-telegraphy is included 
for the purpose of covering the Departmental 
examinations and City and Guilds syllabus. Two 
appendices are embodied at the end of the 
volume, one treating of the new system of voice- 
frequency telegraphs and the other giving a table 
of exponential and hyperbolic functions. 

We can thoroughly recommend the book to 
our readers. The illustrations are excellently 
drawn and reproduced ; the theoretical matter is 
ably dealt with, and the formule are evolved 
from first principles and clearly siated. A first 
class book on the subject. 
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STAFF CHANGES. 
POST OFFICE ENGINEERING DEPARTMENT. 


PROMOTIONS. 
Name. Grade. Promoted to Date. 
p е | : : | NI 
Lec, Lt.-Col. А. G., O.B.E., M. C. .. Staff Engineer E-in-C.O. Assistant Engineer-in-Chief. 14-5-28 
Greenham, G. F., M. B. E. Assistant Staff Engineer E-in-C.O. Supty. Engineer S. E. District. 1-8-28 
Hart, A. B. : 255 Assistant Staff Engineer E-in-C.O. Staff Engineer, E.-in-C.O. I-11-28 
Atkinson, J. W. .. - Assistant Suptg. Engineer, London Supty. Engineer, N.E. District. 1-6-28 
Brown, Major II., O. B. E. Assistant Staff Engineer, E.-in-C.O. | Supty. Engineer, N. Mid. District. 1-6-28 
Vickery, W. sits Assistant Engineer S.W. District. Executive Engineer, S.E. District. 11-4-28 
Booth, C. F. Inspector of Radio Section. Chief Insp. Radio Section, E.-in-C.O. 17-3-28 
E.-in-C.O. ў 
Sturgess, Н. E. ... Inspecter Rugby Radio. Chief Inspector Rubgy Radio. 14-2-27 
Luckhurst, J. К. Inspector Cupar Radio. Chief Inspector, Cupar Radio. 23-6-27 
Hollis, W. А. S.W.I. N. Wales District. Inspector, N. Wales District. 24-10-27 
Milford, T. S. S.W.L, N. Wales District. Inspector, N. Wales District. | 24-10-27 
Holt, H. L. S.W.I. S. Lancs. District. Inspector, S. Lancs. District Н 9-5-27 
Rigg, Р. Н. S. W. I. N. E. District. Inspector, N. E. District. To be fixed 
later. 
RETIREMENTS. 
Name. | Districts. Grade. Date. 
Sinnott, J., O. B. E. E. in- C. O Assistant Engineer-in-Chief. 30-4-28 
Johnson, T. B. ... N.E. Superintending Engineer. 3 1-5-28 
Twells, W. E. | E.-in-C.O Assistant Staff Engineer. 8-4-28 
Gibbins, F. E. | М.Е. Assistant Suptg. Engineer. 6-4-28 
McIntosh, 1). : | Assistant Engineer. 11-5-28 
Gardner, A. W | E. Assistant Engineer. 25-3-28 
Morris, A. C. — i N. Mid. Assistant Engineer. 1-6-28 
Hill, G. A. D. ; E.-in-C.O Assistant Engineer. 30-4-28 
Lade, J. A. S. Wa. Chief Inspector. 30-4-28 
Fowlds, W. -— N. Wa. Inspector. 3-3-28 
Bucklitsch, J. Н. C. N.W. Inspector. 23-2-28 
Hosgood, J. S. S. Wa. Inspector. 30-3-28 
Moon, F. ... N.W. | Inspector. 16-3-28 
Wallis, R. C. N. E. Inspector. 11-3-28 
Marchant, J. A., London. Inspector. 29-2-28 
DEArIIS. 
Ln A A гашиш 
1 . . | 
Name. | District. Grade ‚ Date. 
= — — — — —— —— —— — — — — | - — 
к= 
Jackson, R. W. ... - d 2360 N. Assistant Engineer. | 14-5-28 
Yeadon, N. HA 85 бын ee E.-in-C.O. Assistant Engineer. i 8-4-28 
| 
TRANSFER. 
Name. From. To Date. 
Payne, С. F. Inspector S. Lancs. District. N.W. District. 8-3-28 
Angus, J. ... Inspector S. Lancs. District. N.W. District. 
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APPOINTMENTS. 


Name. 


Gomersall, E., O. B. E. 
Hunt, R. H. 855 
Bourdeaux, N. 
Arman, L. T. 
Stacey, P. A. 
Simpson, C. 
Young, J. E. 
Dore, L. J. m 
Devereaux, R. C. 
Shrubsall, F. W. 
Henderson, V. R. 
Barrett, H. А 
Ваггу, С. 
Blackburn, Е. 
Reed, Т. Е. 
Waters, Н. 5. 
Howarth, Н. 


Мате. 


Whitehead, J. Н. 
French, J. J. 
Coster, F. J. 
Coster, F. J. 
Emmett, H. H. ... 
Lay, J. W. 

Smith, W. B. 


—— ch SSS SSS SSS SSS Sse SSeS 


Name. 


Terrill, F. G. А. ... 
Mullens, H. W. ... 


Cousins, E. W. ... 


| 


Probationary Inspector N. Mid. 
i 35 E.-in-C.O. 


э) ” » 


» N. Ireland 
London. 
N. Waels 


Appointed to 


Deputy Suptg. Engineer, London. | 
Inspector, N. Mid. 
Inspector, E.-in-C.O. 
Inspector, E.-in-C.O. 

уз E.-in-C.O. 

35 N. Ireland 
33 London 

25 N. Wales 

5 London 

ы London 

y E.-in-C.O 

» London 

ys N.W. 


CLERICAL ESTABLISHMENT. 


PROMOTIONS. 


Rank, 


Higher Clerical Officer. 
N. Wales District. 
Acting Higher Clerical Officer, 
London. 


Clerical Officer, London. 
Acting Higher Clerical Officer, 
London. 


Clerical Officer. 


Clerical Officer, E. District. 


Clerical Officer, S. Lancs. 


Retirements. 


Grade. 


Executive Officer, 
London. 
Higher Clerical Officer, 
London. 
Higher Clerical Officer, 
London. 


Promoted to. 


Staff Officer, N. W. District. 


Higher Clerical Officer, 
London. 
Acting Higher Clerical Officer, 
London. 
Higher Clerical Officer, 
London. 
Acting Higher Clerical Officer, 
London. 
Higher Clerical Officer, 
E. District. 
Higher Clerical Officer, Ireland № 
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TRANSFERS 
—— — —üꝛͥ — 60 
Name Rank. From o Date 
Adams, H. G. Higher Clerical Officer | E. District. N. Wa. District. 22-4-28 
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B. O. Anson, M.I.E.E., Chairman. 
Е. Н. SHaucunessy, O. B. E., M.LE.E., M. I. R. E. 
Lieut.-Col. A. C. Boot, M. I. E. E. 
J. W. Atkinson, M. I. E. E. 
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Н. Lonctey. 
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COMMUNICATIONS. 


All Remittances and Communications should be addressed 
to the Manacinc Eprrokx, P. O. E. E. Journat, Engineer - in- 
Chief’s Office, Alder House, London, E. C. 1. 

Binding covers and copis of the Contents for Vol. 3 to 20 
are available, and may be obtained from the local agents for 
15. Gd. and zd. respectively. Subscribers can have their copies 
of Vol. 20 bound, with index included, at a cost of 3s. by 
sending the JounNAaLs to the local agents. Orders for bind- 
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with black lettering, or the later pattern in gold, is required. 
Covers with gold lettering will be the only type stocked from 
Vol. 20 onwards. 

The price of the Journat is 1s. 32. (1s. 64. post free) per 
copy, or 6s. per annum, post free. All back numbers 25. each. 


THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 
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admitted as Colonial and Foreign Corresponding Members 
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Foreign 35 "T 110 о 

These sums include Annual Subscription to the Journal of 
P.O. Electrical Engineers and the supply of all Professional 
Papers issued during the period covered by subscription. 


Forms of application for Colonial and Foreign Membership 
can be obtained on application to 


The Secretary, 
Institution of P.O.E. Engineers, 
G.P.O., Alder House, E.C.1. 


or the undermentioned gentlemen who have kindly agreed 
to act as representatives of the Institution in their respective 
countries :— 


R. Badenach, Esq., B.Sc. (Melb.), 
Chief Electrical Engineers Office, 
Postmaster Generals Department, 
Treasury Gardens, 
Melbourne, 
Australia. 


H. C. Brent, Esq., 
The Laboratory, 
G.P.O., 
Wellington, N Z. 


N. N. Bannerzee, Esq., A.M.I.E.E. (Ind.), 
Divisional Engineer, Telegraphs, 
Calcutta West Division, 

8, Wellesley Place, 

Calcutta, 
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A. T. Kingston, Esq., M. B. E., A. M. I. E. E., 
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PICTURE TELEGRAPHY. 


LTHOUGH there are several methods of 
A transmitting print and line drawings 

over telegraph wires, this article is 
limited to those systems which receive photo- 
graphically. 

The transmission of print and pictures over a 
telegraph line is not of recent origin, the first 
attempts actually dating from 1843, but the trans- 
mission of really good pictures is a modern 
achievement. 

A photograph is considered critically sharp if 
the smallest element does not exceed the size of a 
dot one two-hundredth of an inch or, say, one- 
eighth of a millimetre in diameter. Systems 
which reproduce a picture coarser than this fall 
off in perfection proportionately, although they 
may be suitable for the purpose for which they 
are required. 

All systems require a sending apparatus, a 
receiving apparatus, means for keeping the 
movements of the sending апа receiving 
apparatus in synchronism and a line or medium 
for connecting the sending to the receiving 
apparatus. 

The sending apparatus provides means for 
scanning the picture or print in closely spaced 
lines and converting the light and dark portions 
into an electric current whose strength is pro- 
portional to the light and shade on the picture. 
An alternating current is generally chosen for 
this purpose, as being more easily transmitted 
over a telephone line, its frequency being chosen 
to suit the line characteristics. The higher the 
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carrier frequency the quicker can any given 
picture be sent for the same fineness of detail. 
It will at once be seen that radio offers advant- 
ages, since generally a higher carrier frequency 
can be used ; in the case of line transmission the 
picture carrier is modulated in accordance with 
the light and shade of the picture, whilst for 
radio transmission this modulated picture carrier 
in turn modulates the radio waves. 


The Sending Apparatus.—This consists of a 
source of light which can be focussed on the 
picture as a point. The picture is clamped to a 
drum which can be rotated and traversed as a 
nut along a screw thread. The point of light 
therefore scans the picture in the form of a spiral. 
In the case of the“ Bell " system the picture 
is prepared in the form of a transparent film 
about seven inches bv five inches and the light 
passes through the film and is concentrated by 
a lens on to a photo-cell, the amount of light 
passing being governed by the light and dark 
portions of the film. In the case of the“ Belin" 
and ''Siemens-Carolus ° systems interrupted 
light is used, the number of interruptions per 
second being the carrier frequency. In the 
former system the light spot is of appreciable 
size on the picture, a point of the picture being 
taken and concentrated on to the photo-cell, 
whilst in the latter system the light falls as a 
point about two-tenths of a millimetre in diameter 
on the drum, the reflected light being caught in 
the photo-cell. 

The photo-cell consists of an evacuated glass 
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vessel on one wall of which is a deposit of 
potassium hydride; this deposit is connected to a 
lead passing through the glass and forms the 
cathode, the potassium emitting electrons in 
proportion to the amount of light falling on it. 
The anode consists of a metal plate or wire grid 
also with an external connection. & battery of 
suitable electromotive force and correct polarity 
converts the emitted electrons into a flow of 
current and by suitable coupling this current can 
be made to vary the grid potential of the first 
valve of a valve amplifier. (Care must be taken 
not to use too high a priming voltage for the 
photo-cell as, if so, ionisation will occur and the 
electron emission will not be controlled by the 
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phone line through an output transformer. A 
good adjustment is 0.3 volts for white light on 
an 800 ohm impedance line. Similar arrange- 
ments are used in the case of the Belin system. 
All leads and the amplifier must he carefully 
screened from interference. 

In the case of the ‘* Bell ’’ system a two valve 
battery-coupled amplifier is used, the output 
voltage from the second vaive being used to 
modulate an oscillator produced carrier current 
on the grid of a third and final valve which feeds 
the line through a transformer. In this system 
the voltage applied to the first valve from the 
photo-cell is of the order of 30 to 40 milli-volts. 

In the Belin system the light is interrupted 
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Fic. 1.—SriEMENs-CaRoLUs SYSTEM : SCHEMATIC DIAGRAM. 


light. In the case of the cell used in the 
“ Siemens-Carolus "' system, from 100 to about 
150 volts, depending on the cell, will be found 
suitable; the votage is adjusted until ionisation 
occurs, and then reduced about 10 volts. The 
maximum current even for white light is very 
small, being of the order of 10 amperes. The 
cell behaves to coloured light much as an 
ordinary photographic plate does, red light 
corresponding to black, and blue and ultra violet 
to white. 

In the Siemens system a four valve resistance- 
capacity coupled amplifier, fitted with potentio- 
meters for controlling theamplification, amplifies 
the photo-cell current and puts it on the tele- 


from 800 to goo times a second. In the Siemens 
system an automobile headlight type of lamp, 
with its filament displaced from the centre so as 
not to produce two images and rated at 6 volts, 
is overrun at about 7 to 8 volts and controlled by 
a series resistance off a 12 volt battery. Гог 
normal telephone lines the light interruptions 
are 1300 per second. 

A high pass filter cutting off below half the 
carrier frequency, in this case 650 cycles per 
second, is inserted between the output trans- 
former and the line. 

The carrier frequency can be changed from 
1300 cycles per second to any reasonable value, 
by either changing the speed of the disc-driving 
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motor by altering the series resistance, or 
another disc with a different number of holes 
can be used. The carrier frequency can he 
adjusted, either by observing a tachometer 
coupled to the interrupting disc or by listening 
to the carrier frequency in a telephone and also 
at the same time to a 1300 cycle tuning-fork. 

The Receiving Apparatus.—The line is con- 
nected via a potentiometer which is used to 
control the incoming power to an amplifier 
which amplifies the line current to a value suit- 
able for operating the receiving apparatus. 

The picture is received on a photographic film, 
which is mounted on a drum and is rotated and 
traversed in a similar manner to the sending 
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drum. The drum is of necessity enclosed in a 
light-tight case, a spot of light being projected 
on the drum by an optical system from a suitable 
source of light. The intensity of the light is 
controlled by the received current. 

In the case of the Belin system, the carrier 
current is rectified and operates the mirror of a 
Dubois“ oscillograph ; the tilting of the mirror 
throws more or less light through a special 
aperture and lens on to the film. 

In the Bell system, the amplified current is 
passed through a narrow ribbon type conductor 
in a strong magnetic field; the ribbon is so 
arranged that it normally covers an aperture 
through which the light reaches the photo- 


graphic film. The ribbon will vibrate in accord- 
ance with the frequency and amplitude of the 
received current; the greater the amplitude the 
greater the amount of light which will go 
through. In the case where the light aperture 
is focussed on the film, lines of constant intensity 
and varying width will be produced. In the 
second type of reception, diffused light falls on 
the film ; in this case lines of constant width and 
varying intensity are formed. This latter type 
of reception is more suited to photographic 
manipulation, whilst in the first type if the lines 
are suitablv spaced, say, 60 to the inch, the 
negative may be used to print directly on the 
zinc typographic plate. In the latter system a 
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hundred lines to the inch are used and the usual 
screen is used for half-tone reproduction. The 
time of transmission of a 5 inch by 7 inch picture 
is about seven minutes. 

In the Siemens-Carolus system a two valve 
amplifier transforms the line current to a voltage 
(for white light sent) of from 400 to боо volts. 
This voltage is applied, together with a direct 
priming voltage of from 70 to 200 volts, to the 
electrodes of a Kerr or Carolus cell which con- 
sists of two brass terminals immersed in nitro- 
benzol in a glass vessel. In the earlier type of 
cell the electrode gap is adjustable and consists 
of one gap, whilst in the later type the electrodes 
are fixed and the gap is a multiple one like a 
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multi-plate condenser. The adjustable tvpe re- 
quires the higher voltages and the fixed tvpe the 
lower voltages mentioned. The fixed type has 
the advantage that they may be constructed, 
filled and hermetically sealed in the works, whilst 
the adjustable type has to be cleaned and filled 
in situ. 

Light from a source similar to that used at the 
transmitting end is passed through lenses and 
two Nicol prisms, between which the Kerr cell is 
placed, further lenses and prisms focus the light 
as a spot on the film. The Nicol prisms are set 
so as to cut off all light from being transmitted, 
each prism being set to polarise the light at right 
angles to the other. When voltage is applied to 
the Kerr cell, the plane of polarisation of the 


Гіс. 3.—BELIN System: 


light is twisted, thus allowing more light to get 
through. The Kerr cell thus acts as a light 
valve without inertia and can therefore work up 
to any required carrier frequency, such as might 
be possible with radio transmission. The law 
followed (light against voltage applied) is very 
similar to that of the anode current of a valve 
where anode current corresponds to light and 
grid volts to volts across the electrodes of the 
Kerr cell. In the Belin and Siemens systems 
the films are fixed to drums enclosed in light- 
tight cases in the dark room; thev are then 
brought out into the operating room and attached 
to the picture apparatus as required. 
Synchronisation lt is essential not only that 
the drum at the sending and receiving ends 
should run at a uniform speed but also that these 
speeds should be identical. The following 


quotation is taken from the '' Bell System 
Technical Journal," Vol. IV., No. 2, April, 
1925: '' Were it possible to have two forks at 
widely separated points running at exactly the 
same speed, the problem of svnchronizing would 
be immediately solved. Actually this is not 
practical, since variations of speed with tempera- 
ture and other causes prevent the two forks 
from operating closely enough together for this 
purpose." In the Siemens system this problem 
has been satisfactorily solved. At each end of 
the circuit is a valve-driven 1560 cycle per second 
tuning-fork in a heavy steel case placed in a 
water-jacketed can, the outside of which is 
surrounded with cotton wool and the whole 
placed in a large wooden box. "The water jacket 
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and cotton wool serve to keep the temperature of 
the fork constant or at апу rate prevent any rapid 
changes of temperature. The valve driving the 
fork is of the bright emitter type, with means 
for adjusting its filament current to a known and 
prearranged value. The method of adjusting 
synchronism is to send fork tone on the line, 
amplify it at the receiving end so as to light a 
neon lamp which illuminates a stroboscopic disc 
attached to the motor driving shaft. The small 
speed adjustment required to keep the marks on 
the disc from changing in position over a period 
of three to five minutes is made in the following 
manner. The condenser coupling the grid and 
plate circuits of the fork is increased in value 
which increases the reaction and the amplitude 
swing of the fork. This slows the fork down a 
fraction of a cycle per second; decreasing the 
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value of the capacity slightly increases the speed 
of the fork. Once set, the condenser adjustment 
requires little change, if any, from day to day. 
The fork tone is amplified two further stages, the 
last stage consisting of three power valves in 
parallel, the output of which is transformed into 
the stator of a synchronous motor or alternator 
which in turn is directly coupled to the direct 
current driving motor. Provided the fluctua- 
tions of voltage in the driving motor circuit are 
not excessive the svnchronous motor will hold the 
speed constant. In the case of the '' Bell ” 
svstem, at the sending end a tuning fork, similac 
to those used for driving the phonic motor of the 
Baudot Telegraph, drives the picture apparatus 
in à similar manner but in addition is used to 
modulate a 400 cycle per second carrier wave, 
which is sent over the line to the receiving end 
where it is amplified and rectifted and serves to 
hold a similar fork and phonic motor in perfect 
synchronism. The picture carrier and the fork 
carrier are separated by means of filters from 
interfering with one another at both the sending 
and receiving ends. If the two ends are not in 
synchronism the picture will be skewed, that is to 
say, instead of being a rectangle it will be a 
parallelogram. 

Phasing.—In the Siemens system the driving 
apparatus is running continuously ; the sending 
or receiving picture drums are arranged so that 
they can be coupled to the driving shaft by 
means of a magnetic clutch at one point only in 
the revolution. Providing the speed remains 
constant, no matter how often the sending or 
receiving end drums are started and stopped, 
they will always be in the same relative positions 
at the two ends. It is necessary therefore before 
starting the day's work to see that the joints in 
the picture at the sending end and the receiving 
end are in the same relative position. This is 
done as follows: on the picture clip at the send- 
ing end are two white lines, whilst the rest of the 
drum is black at this place; on rotating the drum 
without traversing it two rushes of picture carrier 
current close together once per revolution will 
be sent to line. At the receiving end, the 
amplifier is switched so as to light a small neon 
lamp which rotates at picture speed ; if this lights 
opposite a certain mark nothing more has to be 
done; if, on the other hand, it does not, it is 
necessary to shift the phase until it does. This 


тау be accomplished in two ways; for large 
displacements the driving motor resistance 
is changed so as to pull the motor out of 
svnchronism either above or below synchronous 
speed, according as the phasing point has to be 
advanced or retarded; the resistance is restored 
to normal as soon as the correct point has been 
reached. The second method is generally used 
for small displacements, and for this the stator 
of the synchronous motor is rotated by means of 
a hand wheel suitably geared for the purpose. 

In the Bell, and also in the case of the Belin 
systems, phasing is unnecessary, as a starting 
signal is sent on the line. In the case of the 
Belin svstem the picture drum is white, except 
where the clips are fixed. The carrier current is 
therefore interrupted at this point, as black sends 
no current from the photo-cell. At the receiving 
end, when the operator is told to start, a key is 
held down which connects an amplifier rectifier 
to a telegraph relay which releases as soon as 
the line current ceases and operates a clutch 
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connecting the picture drum to the driving 
mechanism. The picture drum, being set at 
rest at the correct position, starts off at the right 
position. 

Signalling and Speaking.—In the case of the 
Siemens system arrangements are provided for 
operating the set either over a two-wire tele- 
phone line or over a four-wire line; in the 
latter case a picture can be sent and received 
simultaneously at each end. At the receiving 
end, in the case of a four-wire connection, an 
amplifier rectifier and relay are permanently 
connected across the line and are operated by 
500-cycle modulated by 25 cycles per second 
ringing current, so that in an emergency the 
distant end may be called even during the trans- 
mission of a picture, although this of course 
spoils the picture. Speaking is done on one line 
and listening on the other line for four-wire 
working, but, by throwing a key normal, two-wire 
working of the telephone is obtained, and in this 
case 17-cycle ringing may be sent and received. 
A thermionic voltmeter is also provided, which 
is suitable for measuring the sent and received 
picture voltages, as well as ammeters and volt- 
meters for measuring currents and voltages of 
the various batteries supplying the lamp and 
valve filaments, anodes, motors, etc. 

Transmission Line Requirements. — The 
carrier current frequency chosen for picture 
transmission should be as high as possible, 
having due regard to the characteristics of the 
line. As one of the principal requirements of a 
picture is sharpness, that is, the transit from 
white to black in the shortest possible interval of 
time, one line requirement is that the carrier 
current be established or extinguished quicklv. 
This can only be the case when all the fre- 
quencies transmitted for the picture arrive at the 
receiving end at the same time. & lump or coil- 
loaded line tends to have a longer time for trans- 
mission of the higher frequencies, until at the 
cut-off or critical frequency nothing is trans- 
mitted. 

The following are also necessary conditions fer 
good pictures: — 

(1) The line must be free from momentary 
or other interruptions. 

(2) The attenuation of the line must not 
vary appreciably throughout its trans- 
mission range. 


(3) The attenuation must be constant and 
not vary from moment to moment. 

(4) The line must be free from echoes and 
other irregularities. 

(3) The line must be reasonably free from 
cross-talk, ringing induction, telegraph 
induction and noise. 

(6) The telephone repeaters must not intro- 
duce spurious frequencies by modu- 
lating the carrier wave. 

(7) The cut-off frequency should be as high 
as possible. 

The carrier frequency should not exceed half 
the cut-off frequency, and high pass filters 
should be provided at the sending and receiving 
ends to cut off all below about half the carrier 
frequency. 

The nominal time of transmission '' 


ч " w , 

seconds of a frequency — cycles per second is 
Pim s 

given approximately by the formula :— 
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where N is the number of loading sections, 


о) 7 ~ А D 
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of the line and ' d " the coil spacing, both 
measured in the same units, for example, miles 
or, alternatively, kilometres. 

Taking the Siemens system as an example 
(the same reasoning applies to other systems): 
the carrier frequency usually used is 1300 cycles 
per second. The drum, whose circumference is 
22 centimetres, rotates once in 1.33 seconds; 
hence the movement is 0.165 millimetre in one 
millisecond, or 0.127 millimetres in one cycle of 
the carrier current. The traverse is 0.2 milli- 
metres per revolution, if the same sharpness is 
to be obtained vertically and horizontally on the 
picture ; then the building-up time of the carrier 
should not exceed 0.2/0.165 or about 1.2 milli- 
seconds. This building-up time may be roughly 
reckoned as the difference in the time of trans- 
mission over the line of 650 cycles per second 
and the carrier frequency 1300 cycles per second 
and may be calculated by the above formula. 
Should this time be exceeded it is possible to 
insert special time correction networks in the 
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line. These have been developed both in 
America and Germany. The calculated differ- 
ence in time of 1300 cycles and 650 cycles on 
an experimental picture circuit set up between 
London and Berlin and about 1000 miles long 
was 1.39 milli-seconds, whilst the total time for 
1300 cycles was about 50 milli-seconds. 

The Photographic Requirements.—Whilst it 
is easy to transmit pictures on any of the three 
systems mentioned a certain amount of photo- 


The printing of the films, either by contact or 
enlargement on a suitable grade of paper at the 
receiving end, and giving the correct exposure 
and development to these prints are matters 
which all require photographic skill and ex- 
perience if the best results are to be obtained. 
If anything is worth doing, it is worth doing 
well ! 

А photograph is reckoned to be critically 
sharp if the smallest dot does not exceed a 
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TO BE SUPPLIED TO CERTAIN 


graphic skill and experience are necessary for 
the transmission and reproduction of good 
pictures. In the case of the '' Bell " system, 
the correct density, etc., is necessary in the 
positive prepared for transmission. In the case 
of the Belin and the Siemens systems the follow- 
ing points require attention: the setting of the 
sent voltage for the light part of the picture at 
the sending end, and the setting of the light and 
amplification at the receiving end; the develop- 
ment, fixing, hardening and drving of the films. 


ENGLISH NEWSPAPERS. 


diameter of about 1/200 of an inch; in all 
picture transmission. svstems some sharpness 
must of necessity be lost. The Bell system 
scans at тоо lines to the inch and the Siemens 
at 127. M picture about 4 inches by 8 inches is 
transmitted in about 12 minutes on the Siemens 
system with a carrier of 1300 cycles, and a 
picture 7 inches by 5 inches in 7 minutes on the 
Bell system. The Belin system uses a carrier 
of Soo to goo cycles and the pictures are trans- 
mitted about the same size and speed. 
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The right hand side through an artificial line and the left 

through the line, London to Berlin and back. The displace- 

ment is due to the propagation time of the signals over the 

line (104 milli-seconds) and the extra blurring effect to the 
distortion produced by the line. 


There are systems in course of development 
which are not mentioned here. Several are 
designed to transmit relatively rough diagrams 
for reception in the home by radio on relatively 
cheap and inexpensive apparatus, using such 
methods as the decomposition of a chemical to 
give the light and shade of the picture instead of 
the photographic methods described. ‘There are 


other systems primarilv designed to transmit 
black and white print over the radio at high 
speed, but space and time prevent a description 
of them. 

The Author appreciates the fact that owing to 
the quick rate of development in the different 
systems the descriptions given here are not up to 
date ; at any rate, he is aware of improvements in 
important details in at least two of the systems 
described which will go some way to facilitate 
operating. 

The Author has been engaged in trials on the 
Siemens system between London and Berlin on 
a line about 1000 miles in length. A few of the 
troubles met with may be of interest in showing 
that at any rate some of the troubles are not in 
the picture apparatus itself. 

(1) It was found difficult to hold synchronise 
with the driving motor supposed to be running 
off the 120-volt telegraph battery during the dav- 
time, though in the evening it ran satisfactorily. 
The motor was changed over to the lighting 
system and ran well. It was found afterwards 
that during the day the supply came from motor- 
generators and not from the telegraph battery 
and there were considerable fluctuations in the 
voltage. 

(2) Ringing induction from harmonics in 17 
cycle ringing current caused interference on the 
pictures occasionally. This induction originated 
between Canterbury and London and came from 
the side circuits, the picture circuit being the 
phantom. The trouble was removed by chang- 
ing to other pairs. 

(3) Circuit frequently interrupted for short 
intervals. Cause found in the plugs and cords 
used to cut out the 4-wire termination on the 
repeater; one plug fitted the jack badly. 

(4) Wires run to cut out the cords. & peculiar 
overshoot in going from black to white was 
noticed. It was eventually traced to cross-talk 
between the input and the output of the repeater 
їп these wires. Trouble removed when cause 
discovered. 

(5) A fifty cycle per second modulation of the 
picture carrier wave was experienced frequently, 
particularly during the daytime. This was 
traced to the anode current supply at two 
repeater stations. When a certain rotary con- 
verter supplied the anode current the effect took 
place, but when supplied by a motor-generator 
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off the filament battery it did not take place. 
The offending repeater stations were discovered 
by a process of elimination, by looping back the 
line at each in turn and receiving a picture at the 
same end as the sending end. When good at 
one repeater station and faulty at the next, the 
last station brought in was located as the cause 
of the trouble. The trouble was removed by 
using the anode supply which did not cause 
trouble when pictures were being transmitted. 

(6) Excessive voltage priming the photo-cell 
causes streaks like shadows across the picture. 

(7) Failure to synchronise the ends causes the 
picture to be a parallelogram instead of a 
rectangle. 

(8) Failure to phase will cause the joint in the 
transmitted picture to come in the received 
picture instead of at the joint. Опе day Berlin 
was in a hurry and London chanced the phase 
being correct. Actually, just the edge of the 
clip showed ; this, of course, was luck. 

(9) At first, run-down filament batteries was a 


source of trouble; changing to larger cells re- 

moved the cause. 

Thanks are due to Messrs. Belin and to 
Messrs. Siemens and Halske for the information 
furnished in this article, and also to Col. Shreeve, 
the representative of the Bell Telephone Com- 
panies in this country, for the particulars of the 
Bell system. 
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SOME NOTES ON ARRIVAL CURVES AND THEORETICAL 
TELEGRAPH SPEEDS. 


W. T. PALMER, B. Se., WH. EX,, VM. LE. E., and H. J. Joserus, 


YNOPSIS.— The following describes a 
S method for defining the theoretical maxi- 

mum speed of a circuit which employs a 
rectangular impressed voltage wave for the signal 
elements and discusses the effect of the terminal 
conditions on this speed. Some examples of 
actual circuits having different characteristics 
are treated and experimentally obtained arriva! 
curves are given as illustrations. Formule are 
deduced including leakance and inductance 
factors which will enable the theoretical maxi- 
mum telegraphic speed to be determined in 
any particular case. The introduction of the 
Permalloy loaded cable has presented the 
possibility of telegraphic transmission limited 
only by the effects of irregular causes. 


The maximum theoretical speed of signalling 
in a telegraph system is limited by the maximum 
allowable departure of the shape of the received 


signal from that of the transmitted signal. The 
factors causing the distortion of the signals can 
be divided into two classes : — 

(а) Distortion due to the line itself. 

(b) Distortion due to irregular causes, such 
as variation of batterv voltage, chatter- 
ing of relavs, interference from ex- 
ternal sources, etc. 

It is thus seen that the development of апу 
mathematical expression for the maximum speed 
of signalling when the effects of both (а) and (b) 
are present would involve an exact knowledge 
of the behaviour of all these separate factors. X 
reference to the work already done in this 
direction shows the difficulty of this problem. 
The limitation of speed imposed by (a) alone 
may be regarded as the maximum theoretical 
speed possible on any given line. With regard 
to the effects mentioned in (b) experimental 
methods can be developed for any particular case 
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to enable some of the separate factors to be 
determined with a certain degree of accuracy. 
Empirical formule can then be formed to allow 
for the effects of (b) on the maximum theoretical 
speed. In the following paragraphs a simple 
method is shown by which the reduction of speed 
due to the combined effects of (b) in any given 
case, can be obtained. 

Consider the case of a very long circuit, such 
as that of an unloaded ocean cable, the deciding 
factors in limiting the speed of signalling are 
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those mentioned in (a). For very short lines, 
less than 50 miles, say, the limitation of speed 
is chiefly fixed by the effects of (b); but 
the majority of cases fall between these two 
extremes, and the actual speed obtainable is 
limited partly by (a) and partly by (b). 
Consider Fig. I. The full curve OCFG is a 
typical example of the way in which the current 


grows at the receiving end of a line, whatever 
its length, or terminal apparatus in use, when а 
sudden steady e.m.f. V is applied at the sending 
end. (See Appendix I.). 

The line of greatest slope AB can be easily 
drawn and it will be found to coincide with a 
portion CF of the curve. From C, the point at 
which AB leaves the curve, the ordinate CD is 
drawn and it can be seen that for times of con- 
tact greater than OD the elementary signals a, 
b, etc., are similar in shape, but for times smaller 
than OD the elementary signals tend to flatten 
rapidly and successive signals will thus overlap. 
OD can be taken as a measure of the smallest 
time of contact for a current impulse permissible 
if good legible signals are to be received, and 
assuming the receiving apparatus to have the 
necessary sensitivity. (See Appendix II.). If 
the number of signal elements per letter required 
by the particular code used be known, then from 
the length of time represented Бу OD the 
maximum theoretical speed in letters per minute, 
n, can be calculated. Further, it will be found 
that the maximum speeds calculated by this 
method for different lengths of unloaded cable, 
having the same electrical constants, obev a law 
of the form 


where A, is a constant, C=capacity per unit 
length, R-resistance per unit length and 
S total length of cable. 

Having found n, from Fig. 1 as explained, the 
value of А, is readily calculated by equation (t). 
Now, if the actual working speeds, na, obtained 
on different lengths of the same type of cable 
using similar terminal apparatus be plotted and 
the mean curve drawn through them, this curve 
is found to be also of the form 


and A, is obtained from points on the curve. 
See Fig. 2, where the crosses represent experi- 
mentally obtained points and the dotted portions 
are possible continuations not verified by 
experiment. 

Thus the total reduction of speed produced by 
the combined effects of (b)—and considered for 
lengths less than that represented by OQ in 
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Fig. 2—appears to follow a similar law to that 
of the famous “ KR " law and is given by 

A, | 

ie СЕР О ‚өө, (3) 


where A,=A,—A,. 
As examples of the application of the foregoing 
consider the following cases :— “ 


(1) Single U/G Conductor, having 
C=o.11 „F. per mile 
R= 12. 50hms „ „„ 


Taking l at intervals of roo miles the upper 


IQ 


LETTERS PER MINUTE 7. 
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letters one word on the average). Hence the 
reduction of speed in letters per minute pro- 
duced by the irregular causes for any length 1 of 
this circuit is represented by ; 


1 


67.5 40 27.5 20 x 108 
CRP CRI ^. [д 


if C is expressed in microfarads. Thus whilst 
for 600 miles we get only a total reduction of 
56 letters per minute from the theoretically 
possible speed, we find that for a length of 100 
miles the reduction is 2,000 letters per minute, 
or 36 times as much. 


450 500 550 600 650 700 750 800 
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Fic. 3.—Cunvzs SHOWING THEORETICAL MaxiMUM SPEED AND ACTUAL SPEED. 


curve shown in Fig. 3 has been constructed by 
using equation (1), the value of A, =67.5 in that 
equation, being obtained by the method pre- 
viously described. The lower curve in this 
figure is one obtained from observed values of 
maximum speeds obtained on a single wire 
circuit (between London and Glasgow) with 
approximately the above electrical constants 
and gives by equation (2) A,=40, (taking five 


(2 Long Ocean Cable, having 


C=0.409 pF. per naut. 
К = 2.578 ohms per naut. 


Such cables are usually more than 1000 nauts 
in length and the elementary curve in Fig. 1 
rises very slowly, so that the time OD is com- 
paratively long. By means of large condensers 
at the ends of the cable and other terminal 
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devices the curve can be made a little steeper 
though less in amplitude and the time OD 
decreased, thus increasing the theoretical speed 
of the cable. The Imperial No. 2 cable has for 
the major part of its length—2108 nauts-- 
approximately the constants given above. Then 
neglecting the effect of terminal arrangements 
used for decreasing the time OD we get by 
equation (1) a theoretical speed of working in 
letters per minute imposed by the cable itself of 
only 

n= 2 3 

CRF 
Malcolm has shown, by means of Heaviside's 
Expansion Theorem how to construct the curve 
shown in Fig. I when the effects of the signalling 
condensers are included. Such a curve drawn 
for the cable just considered givesby equation (1) 


500 
m5 “ORT 
which represents an increase of about 500% over 
the limit imposed by (a) and accounts for the 
crossing of the curves at the point P in Fig. 2 
for large values of l. 

By increasing the sensitivity of the receiving 
apparatus and by use of shaping networks the 
value of .\,=500 can be slightly increased, and 
the actual working curve for n, will be raised a 
little above that shown in the figure. It has not 
been possible to make a sufficient number of 
experiments to obtain for such long cables the 
information corresponding to that given in 


Vig. 3. 


(3) '" Encroachment” or Margin nd Loaded 
Telegraph Cables. (See Appendix III.). 


The separate factors mentioned in (b) have 
been studied by M. Collet,* H. Salinger,+ and 
Messrs. Nyquist, Shanck and Согу? and the 
term * encroachment " or ** margin has been 
used to denote the amount by which parasitic 
or interfering currents modulate the received 


signal. The greater the slope of the tangent XB, 


* Ann des Postes Tél. et Tel. 16 p. 1. 1927. 

t Documents of the first reunion of the C.C.I. 
of the Telegraphic Communications at Berlin. 
Berne, 1927. Vol. 2, p. 3. 

+ Journal A.I.E.E., p. 231. 1927. 


shown in Fig. 1, the more will the effect of 
“encroachment ’’ be diminished. In the limit 
if the tangent AB is made vertical, the 
'* encroachment " can be made negligible by 
sufficient amplification of the received signal. 
Now, in long cables such as those considered 
in (2), no very great increase in speed of working 
has been possible by further terminal improve- 
ments and it would appear necessary to increase 
the slope of AB by altering the cable constants. 
Recent investigations have led to the develop- 
ment of long ocean cables having artificially 
increased inductance by means of uniform wrap- 
pings of ''permalloy "—a material which is 
capable of adding more than тоо milli-henries 
per naut to the natural inductance of the cable. 
The added inductance alters the shape of the 
arrival curve shown in Fig. 1 to the type shown 
in Fig. 4 and it will be seen that the current is 
now propagated with a vertical head FO; the 
shorter the length of cable considered the greater 
is the height FO, and AB is, theoretically, a 
vertical line. 

In practice AB is not quite vertical, but slopes 
like . V! B! due to variation of the electrical con- 
stants with frequency and current. 

By reference to Fig. 4 it is quite clear that the 
time OD is not easily determined by this method. 
This time, however, will be extremely small and 
the theoretical speed is enormously higher than 
the actual speed obtained in any given case, due 
to the limitations imposed by the irregular 
causes (b). i 


APPENDIX I. 
ARRIVAL CURVES. 
Finite Line. 
The full line curve in Fig. 1 can be calculated 
from the Kelvin formula, 


т = % 


]u 5 А + Se mot cos m (1) 
jm RI | I 2 CRI? 0 7 | T 


Ш И! 
where 
In received current when both ends of the 
line are put to earth. 
t=time in seconds after application of a 
steady e.m.f. V volts at the sending 
end. 


ARRIVAL 


l=length of line. 

R 2conductor resistance in olims per unit 
length. 

C = capacity in farads per unit length. 

For the part of the curve which governs the 
slope AB in Fig. 1 a sufficiently accurate expres- 
sion may be derived from (1) by means of the 
identity, 


п= 4% т = 90 
, p" (P Enge =1+2 N Єз сов 210. = 
n= — т=1 
where, 
CRP 
_4 3 — 
pHs апа 9? = i 
and hence (1) becomes 
ЗС € at 
In = EL — Den 2 
R v, E: Vi (2) 


where ф= СКР 


This expression becomes less accurate as the 
values of time t taken approach the time at which 
the current becomes a maximum. 


Infinite Line. 


It will be noticed that (2) can be derived from 
a study of the infinite line as follows: 

Consider a smooth line with distributed resist- 
ance К and capacity C per unit length. If I 
denote the current at distance / from the trans- 
mitting end and V the corresponding potential, 
the differential equations аге : — 


— —-=IR 
dl 
| al „© а | CC (3) 
di а 
From (3) we obtain 
dl dl 
1? CR, ÜᷣBꝝ 595955 . (4) 
Put p=—, and D= d | 
4 dl 
Then, 
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Hence, 
I2 Ae ® Ve пеге A= 
where Z, 


Assuming that a unit e.m.f. is applied to the 
line terminals, and that the reflected wave is 
suppressed, we obtain the operational equation 
for the current, namely, 


€ „ 
l= I e vob X Gaara n 4 8 8 8 (5) 
where ф= СКР. 
Now, 
С — -2/Ар 
R . Vb . е 
à 
C pt e t 
= . . Ф — dt T 6 
R 4 f: Уті l | 
0 


where А is any positive real parameter. 


In equation (6) put A= я and obtain, 
C b 
М R -ype 
bs $ 
= C á p " Г b. . е 4t 
Re ceu 
e 
Hence, 
a 


If the cable is earthed, or is terminated with a 
comparatively low resistance, we can assume 
that the reflection is total and equation (7) must 
be corrected by the factor 2, therefore, this 
equation can now be written, 


; C €a 
1 == V а — 
= J rR vt 


which is the same as equation (2). 


Suppose that in addition to the distributed 
resistance R and capacity C, the cable also has 
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distributed leakance G per unit length. The 
differential equations are now, 


iV ў 

_ ФУ С | | 
dl T 
" | "e (8) 
t - NX * 

us =(G + Cx 


Therefore replacing pC by (pC +G) in equa- 
tion (5) we obtain the operational equation for 
the current when the leakance is included, 


= 
NE 


REIR. UU 


| G 
where д == 


С 
апа y=GRF 


Write equation (5) as 


2+0 


V Pad — V é(b--T) 


where Г is any positive real parameter. 


Now write equation (9) as 


N b) pU 
pd -e = X opty 
Hence, 
t 
à -1% 
[= ( +r fa ) De Lets (10) 
Provided 
G 
Г>ё= C 


and фГ=у= СКР 


The value of le can be obtained from equation 
(7), hence, equation (то) can be rewritten 


C ç 2 
1 N R E м 
zT 7 е = ГІ 
е — de. (11) 
е — +T t Ё ) 
Ji £v 


The integral term in equation (11) can be 
evaluated by repeated integration by parts, 
thus, 


For purposes of calculation equation (11) can 
now be written, 


C of aD а = 
[у= 10 4t (7r +2V7¢t Te 
20 (211)? 
OMEN MNT 


1 
In equation (7) put y= ES then this equa- 


tion can now be rewritten as 


F'rom this equation a curve can be easily drawn 
to depict the current wave at any distance from 
the cable terminals. The current, while finite, 
is negligibly small until y reaches the value o.2. 
In the neighbourhood of this point it begins to 
build up rapidly, reaching at y=2 its maximum 
value. From equation (12) the effect of the 
leakance can be easily calculated and inter- 
preted, and it can be seen that the leakance 


G 
attenuates the wave by the factor e and at 
the same time adds a progressive integral of the 
attenuated wave. 


APPENDIX II. 
SIMILAR SIGNAL SHAPES. 


If the series representing Ip in equation (т) of 
Appendix 1. be written in functional form as 


ARRIVAL CURVES AND THEORETICAL TELEGRAPH SPEEDS. 205 


I(t), then an elementary signal of time duration 
Ы) 5 o 
T can be expressed in the form 


Leste NE T esie e ERE VAR EQ (1) 
Expanding this by Tavlor's Theorem we get 


dl T di T* di 


corresponds to the time represented bv OD in 
Fig. 1. 

For times less than OD the series expansion 
of (2) does not converge rapidly and (3) cannot 
be used with a good degree of approximation. 


y» 


APPENDIX III. 
LOADED TELEGRAPH CABLE. 
4. Uniform Cable. 


The signalling speed will always be limited by 


D=T. = š ЕЙ 352 2 
dt 2 а ia: dr (2) 
which becomes, for relatively small values of T. 
dI 
I/ ) 
di (3 
300 
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J 240) 
© 
> : 
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EDS і 
ee 
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a 
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FIG. 6.—CarcurarED CURVES OF ARRIVAL FOR 1,000 Nauts. оғ UNIFORM CABLE. 


| Е а А 
It will be found that FE reaches a maximum 
when t=0.09 9 where @ = CRI’, but that from 
„ UL , 
= 0.083 9 to t=0.10 9 the value of ЕТУ 15 ге- 


latively constant. Therefore by examination of 
(3) from the value £—0.083 ф to tO. 10 9 the 
elementary signal shapes will be essentially 
similar, having amplitudes proportional to the 


duration time T and further the value t=0.083 @ 


the fact that iie signals are formed exclusively 
by the initial “© slope "" of the arriving current 
wave, but the addition of effective inductance to 
the line, by giving te the current wave an initial 
steep “© head " reduces the importance of this 
factor. 


$6 


If I denotes the current and V the voltage at 
anv point / on the line, then, neglecting leak- 
ance, the differential equations of the problem 
are :— 
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dV dl Assuming that a unit e.m.f. is applied to the 
i IR li inals and that the reflected wave i 
di di ine terminals and that the reflected wave is 
41 I (i) suppressed, we have, 
mc. | | 
di FF! T8“ (3) 
From (1) we obtain the fundamental differential n i 
equation for the current wave, viZ., where y= V pi 20b 
aI 4 dI dI | I 
“ae E + RC "dt ИИИ (2) а = LG 
This equation introduces the phenomenon of R 
true propagation with finite velocity, instead of 9 iL 


© 
л 


8 


al 


OF SENDING BATTERY. 


© 


CURRENT IN MICRO-AMPS, PER VOLT 
B 


5 
T/ME IN SECONDS 


Fic. 7.—CaLcuLATED CURVES OF ARRIVAL FOR 2,000 NauTS. OF UNIFORM CABLE. 


the diffusion phenomenon of the unloaded line Hence, 
and is more difficult to solve. 
d d i= Ыы: УР +? T29b 
1 = — 9 = — j tl = ES ? 
In equation (2) put p Ji and D ii 1en Kaga + 20b 
D-+¥ pC (6L+R)=+y М "S fe F (dt . (4) 
Непсе, 
Е The problem is т reduced to evaluating the 


ty! 
ca HM зава Xa functions F(t) from the operational equation. 
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Assume A= = 20р, then equation (4) can 
be written as, 
rs e. VPA 
1= E 
N L Vpt 


-J L. CCC (5) 
A 


where the R. H. S. of this equation defines a 
function which is zero for Ё < à and has the 
value Jo (V — A7, for t > A, where J. represents 
the Bessel function of order zero. 


80 


* 


2 


Where h, and A, are arbitrary parameters 
restricted to positive values, 


here Л, = -À 


a 

l 
апа h,= F eh 

Now comparing equation (6) with the opera- 


tional equation (4) we see that they can be made 
identical provided we set, 


h,= ф 
and А,=}ф where j—wW т 


idc in BATTERY. 


OF SE. 


CURRENT IN MICRO-AMPS, PER VOLT 
N 
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Fic. 8.—CarcuLATED Curves OF ARRIVAL FOR 4,000 Nauts. oF UNIFORM CABLE. 


Now assume that p increases by a value h, 
equation (5) can now be rewritten as 


к eri VIPER EN? 
т —— 
. (P+ hr 


LP 
= | ате e Je Ja 
L a 
l 


a 


VOL. XXI. 


Thus equation (4) now becomes 


a e t- TNI i? — 5) dt soccer (7) 
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Hence, 


С. Р а} 
NES e^. IN 1j r e (5) 


where I, = J.o(jx) is a Bessel function of imaginary 
argument, the value of which can be obtained 
from tables. 


Effect of Leakance. 


In order to obtain the operational equation 
for the current when the distributed leakance G 
is included, replace pC by (pC +С) in equation 
(3) and obtain, 


I= eo е I EE (9) 


У 
Where 
y =(Lp +R) (Cp +G) 
4 Ptg) 92 


В 1 
where а?= КЪ 
К G 
9 — 2L. 26 
R G 
he. aC 
Hence, 
b TEES 
140 RE ) „ 1 E 
P. V (P +p)? = 


To evaluate the function F,), use equation 
(6) and put 
h,—4, 
and A,=4, 


Then equation (10) can be rewritten as 


Equation (11) is an exact formula for the 
current wave in terms of Bessel functions and 
in order to evaluate the definite integral it is 
necessary to expand the Bessel function as a 
power series, integrate term by ‘term and re- 
arrange. Thus it is a matter of considerable 
labour to determine the effect of the leakance for 
any particular case. 

Consider a point І оп the cable, the current is 
zero until {= at, 
at which time it jumps suddenly to the value, 


After this initial jump the current may attain 
a maximum value which is large compared witn 
the “© head ” of the wave, and the resulting curve 
given by equation (11) is of the type indicated in 
Fig. 4. 

Equation (3) is based on the assumption that 
the reflected wave is suppressed, but if the 
impedance of the terminal apparatus is very 
small the reflection may be regarded as total, 
i.e. the current is doubled and consequently 
equation (3) must be corrected by the factor 2. 
As the length / is increased, or the value of the 
added L is decreased, the ‘‘ head °’ of the wave 
becomes smaller and if I be increased beyond а 
certain limit (or the value of L added is too 
small to be effective) then the resulting curve 
approaches coincidence with the dotted unloaded 
curve shown in Fig. 4. See Figs. 9, 10 and 11. 


Ѕуваду Vave {= 1000 Naurs 
j 


[ = 4000 NauTs 
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B. Artificial Network with Loading. 

To study the effect of inductance on the arrival 
curve the cable can be replaced by a meshwork 
and the number of meshes increased until it 
behaves practically as a cable having the same 
total values of L, R and С uniformly distributed 
throughout its length. Such an artificial cable 
has been constructed at the laboratories at Dollis 
Hill and contains 1,050 meshes. These meshes 


2/1 SO 19|/81/7 | 16 | I5 | 14 | I3 2 


ід R4 Рд LA 
R 0000 
Са 
L4 = 2869 millihenrys 
R4= 19:45 ohms 
C47 NOUR 


L4 289-3 millihenrys 
R4= 20-41 ohms 


By the use of Heaviside’s Expansion Theorem 
the series given in equation (1), Appendix I., can 
be deduced by calculating the arrival current for 
the nth section of an artificial network and pass- 
ing to the actual case of a cable by putting u &. 
Following this procedure Dr. Malcolm proves 
that when inductance is added to the cable 
equation (т), Appendix I., can be replaced 
without serious error by :— 


оэ 87 88 5 4 8 2 


L3R3 831 L2 LU Lg 
L C3 T С» 
L3 = 122 65milli 
Qz- 9.35 obus 
C3= o 


La- 6780milibhenrysL,7 
R2= 4:496 ohms 
C2= 0347 uF 


JO! 9; 8 


L2 V 


T 


L3242043 milde Dr U 67-Olmillihenrys U 2627nh. 
R3= 966 ohms Р2= 254 oh 
Сз= 0:962 WE C2- 0:441 uF 


L3 R3 R3 L3 


Lı Rr Ri Li 
Кї 


Сз C2 


Fic. 5.—Актїкїсїлї. SUBMARINE LOADED CABLE INSTALLED AT DoLris Нил. 


have the values shown in Fig. 5 and is such that 
when all the meshes are in series it represents an 
actual cable having a length of 4,000 nauts. with 
the following constants : — 


К 23.45 ohms per naut. 
C044 E. ay ow 
L=o0.05 henry „ „, 


E Rt = 
In «il 17425 D 


| inl RE 4m'zL 
cos mz sinh Af, ™ CR. R 
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and this applies after the time te seconds where 


Before this time the current In SO and at f. 
jumps suddenly to the height of the ordinate 
given by 


2E С RE C 

L= „ xe ft2k [5 X ncs vedas (14) 
2 N L 

where Zo=the characteristic impedance, = 


attenuation constant. 

Equations (12), (13) and (14) just given can 
be used to replace equation (8) for calcula- 
tion purposes. Curves in Figs. 6, 7 and 8 have 
been so calculated for the lengths of cable in- 


TELEGRAPH AND TELEPHONE PLANT 


dicated, whilst in Figs. 9, 19 and 11 are repro- 
duced the actual corresponding arrival curves. 
The agreement between the actual curves and 
the calculated curves is very good and the wave- 
front for l= 1000 nauts. departs from the vertical 
slightly due to the variation of the inductance 
and resistance units of the network with fre- 
quency and current. 

From the foregoing results, as the length / is 
increased, it can be clearly seen how the effective 
value of the inductance decreases until at l= 4000 
nauts. the arrival curve is practically coincident 
with the unloaded curve, although the actual 
value of inductance (0.05 henry per naut.) is 
much greater than the natural inductances of 
such a cable. 


IN THE UNITED KINGDOM. 


TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 
THE POST OFFICE IN EACH ENGINEERING DISTRICT AS АТ зоти JUNE, 1928. 


Pr — a A NNNM 
— ame eee eee 


ые Overhead Wire Mileages. RM Underground Wire Mileages. 
owned and |. |. — СЕТА Engineering 
maintained District | 
by the Telegraph. Trunk. Exchange. Spare. ` Telegraph. © Trunk. | Exchange. Spare 
Post Office. i | 
„ыт | | | | 
588,706 537 4,036 51,577 170 London | 24,198 68,040 2,251,365 106,942 
75,696 2,169 21,547 64,814 1,575 S. East 3,989 46,411 289,35 33,902 
79:079 4:538 30,737 55,228 | 2,913 5. West 20,359 11651 Í 143,156 60,387 
61,864 6,077 37,508 58,5565 5,030 Eastern 23,167 37,76 ! 108,340 71,609 
76,861 8,586 44,919 58,146 3,895 N. Mid. 27,896 53,288 241,400 115,817 
95,371 4,682 29,491 70,982 4577 S. Mid. 12,008 22,671 179,874 88,481 
57,373 4,385 29,606 51,806 3,136 S. Wales 6,277 26,084 118,322 71,934 
102,443 8,185 26,237 49,262 4213 N. Wales 13,393 41,104 267,926 61,004 
156,403 1,495 16,450 43,186 2,439 | S. Lancs. | 13,149 78,189 464,817 48,912 
91,836 6,164 30,746 46,755 3:144 N. East | 11,609 45,487 220,456 66,535 
63,392 4,105 24,762 37,641 2,408 N. West | 8.053 33,116 161,300 36,834 
46,614 2,511 16,135 25,009 2,542 Northern 4,697 14,915 107,194 50,866 
21,107 4,564 8,343 13,905 554 Ireland N. 131 2,322 38,190 1,579 
64,591 5,441 25,567 37,222 1,467 | Scot. East 3.776 12,851 147,923 47,556 
86,762 7,329 24,243 42,972 888 | Scot. West 12,133 24,549 . 219,857 34,673 
| | 
| 
1,668,098 70,768 370,327 707,061 38,951 Total 284,833 517,854 | 4,859,655 897,031 
| —— 
| Figures as | 
1,639,837 70,509 368,939 697,790 36,915 ist Mareh, , 180,552 507,932 | 4,719,708 880,678 
| 1928. | 


MEASUREMENT OF IMPULSE RATIO AND FREQUENCY IN 
AUTOMATIC NETWORKS. 


C. L. Ноѕкіхс and К. M. Baprenacu, B.Sc. 


(Postmaster-General’s Department, Australia.) 


О ensure reliable operation of an auto- 
matic exchange, it is essential that 
the characteristics of all the impulses 
delivered into that exchange, either from sub- 
scribers’ lines or over junction lines from other 
automatic exchanges, shall be such that correct 
operation of the switches will result. In a 
network where the majoritv of impulses are 
generated bv a dial at the subscribers’ premises, 
the features in which the impulse is most likelv 
to be unstandard are (1) ratio and (2) frequencv, 
the former being the more important. 
Frequency errors can only arise at the dial, 
but the factors causing distortion of impulse 
ratio are legion. In a multi-office network, such 
as Melbourne or Svdnev where the conversion 
to automatic working was commenced in 1913 
and is still proceeding, these factors тау be 
summarised as follows :— 

(a) Variations in the dials in use due to 
manufacturing differences and standards 
and to incorrect adjustment. In addi- 
tion to the dials supplied in 1913 there 
are in use numerous other types sup- 
plied by various manufacturers since 
that date. 

(b) Varying dialling circuits in substation 
equipment. The earlier substation sets 
are of the series receiver type and the 
dial is not shunted whilst impulsing, 
but later types are fitted with induction 
coils and the condenser is introduced 
into the dialling circuit. These types 
again vary in the actual circuit con- 


ditions during dialling. Further varia- 

tions occur due to P. B. X., extension 
, 

parallel sets and other special services. 


(c) Varving lines conditions. Nominally 


the networks extend for a radial distance 
of 10 miles from the central exchanges 
of the areas but in practice there are 
suburban exchanges bevond this limit. 
In addition, several exchanges on the 
limits of the areas are comparatively 
large, so the distortion of impulses due 
to long junction lines is obvious. It 
might be mentioned here in passing that 
it has been noticed that the insulation 
resistance of a line that tests satisfac- 
torily on the test desk voltmeter fails 
apparentlv under the stress of dialling 
voltages and so distorts the impulses by 
having a shunting effect on the impuls- 
ing relay. 


(d) Repeating impulses between exchanges. 


A call from one branch exchange to 
another branch may pass through three 
repeaters. 


(e) Variations in the resistance and mechani- 


cal and electrical adjustment of impuls- 
ing relays. "There are at least four 
types in use, the equipment containing 
the relays having either been supplied 
bv different manufacturers or at various 
periods by one manufacturer. 


(f) The standard of switch adjustment for 


any particular exchange is the inter- 
rupter or varying machine, and manu- 
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facturers for complete exchange instal- 
lations have from time to time supplied 
machines the characteristics of which 
differ. It would appear, however, that 
these alterations compensate to some 
extent for the variations mentioned in 
(e). 

(g) Unstandard frequency of impulses. 
The ratio of make to ** break ” of 
an “ A relay in the train of switches 
depends upon the frequency at which it 
is impulsing. 

Although the factors mentioned above in- 
dividually may not cause switch failure, the 
cumulative effect is sufficiently great to cause 
considerable trouble, and experience has shown 
the necessity of having some simple and reliable 
means of effecting any necessary corrections. 

As mentioned under (f) above, the group and 
final selectors in any automatic exchange are 
subjected to frequent routines by means of an 
interrupter or varying machine. "This machine 
delivers impulses of a definite ratio and speed 
under conditions which represent two extreme 
conditions of dialling. These conditions are :— 

(a) With a maximum resistance in series 
with the impulsing relay under test. In 
this case the impulsing spring оѓ“ А” 
relays on selectors remains on the back 
contact for a comparatively long period, 
resulting in a “© heavy impulse ” being 
transmitted to the operating magnets. 
The switch would in such circumstances 
tend to fail due to the relapse of the 
“ B” relay; 

(b) With a minimum resistance shunted 
across the impulsing relay. Under this 
test the A relay tends to remain 
energised and consequently a “ light 
impulse " is transmitted, the switch 
tending to fail on account of the 
operating magnets being insufficiently 
energised or the relapse of the “ С” 
relay. 

It is considered that all impulses received in a 
particular exchange should fall within these 
limits. The problem is, however, to obtain a 
means of defining these limits in such a manner 
that any impulse can be checked readily. The 
natural location for checking the condition of a 
subscriber’s service is the test desk, and the 


instrument that naturally suggests itself for use 
is the ordinary test deck voltmeter. It was keep- 
ing these factors in mind that the test circuit 
indicated in Fig. 1 was developed. 

The operation is as follows:—By throwing 
test key R the circuit under test is connected to 
relay “ A" which is energised. On the first 
break of the dial impulse springs the short-circuit 
is removed from '' C," which operates and 
remains operated during the train of impulses, 
owing to the slugging effect due to its winding 
being short-circuited. ‘“ B" is adjusted to 
remain energised for more than o.9 seconds but 
for less than 1 second. Contacts B' and С! 
being closed, the impulsing of A' is transmitted 
to the low scale winding of the voltmeter. 

It will be noted that the negative terminal of 
the voltmeter is permanently connected to the 
junction of resistances X and Y and that the 
other terminal is alternately at a higher and 
lower potential compared with the negative 
terminal depending upon the impulsing of A'. 

Owing to the inertia of the moving system of 
the voltmeter, the needle takes up a position 
depending upon the proportion of impulse time 
that the impulsing contact of relay “ A ” is 
making on the front or back contact. This 
reading is therefore in essence a measure of 
impulse ratio. 

Relay “ A" should be the same type ot 
impulse relay as used in the selector switches in 
the exchange, and should be adjusted to the 
manufacturer's standard. Relay ' B" serves 
to disconnect the voltmeter just prior to the 
completion of a train of impulses, and so pre- 
vents an unnecessarily long final deflection due 
to the slow release of C.“ Relay “С” 
controls B,"' and contact Cr prevents deflec- 
tions when“ B "' is operated prior to the recep- 
tion of dialling impulses or between trains of 
impulses. 

To calibrate the test circuit the exchange inter- 
rupter machine is carefully adjusted to give 10 
impulses per second and is connected to the test 
circuit so as to cause relay “ A "' to impulse 
continuously. Relay “ B ” of the test circuit is 
permanently wedged up so that the continuous 
train of impulses is indicated on the voltmeter. 
The “ loop "' key on the interrupter machine is 
operated and the voltmeter should be so con- 
nected and the resistance of X and Y so adjusted 
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that under these conditions the needle takes up a 
position approximately 7 divisions on the right 
of the zero. On the operation of the '' shunt "' 
key the needle moves to the left of zero. "These 
tests are repeated until a deflection of 7 divisions 
is obtained on either side of zero. А higher 
reading than the figure mentioned is not advis- 
able, otherwise during testing the instrument 
pointer will take too long to reach a final position. 

The voltmeter scale is permanently amended 
as indicated in Fig. 2. Here only five divisions 
are shown on either side of zero. "The instru- 
ment is calibrated for a deflection of 7 divisions 
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ever, to ensure that these adjustments are not 
carried bevond the limits of safe mechanical 
operation. Provided a dial is adjusted to the 
correct ratio before installation, tests taken 
recently indicate that on new services it should 
only be for special circuits such as extension 
working, parallel services, P.B.X. circuits, etc., 
that an adjustment for impulse ratio is necessary. 
The test, however, should be applied as a matter 
of routine whenever a subscriber's service is 
being inspected by the maintenance force. 

The test circuit has been used to great advant- 
age for repeater adjustment between exchanges, 
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as explained earlier, but in order to obtain a 
margin of safety all impulsing devices are 
adjusted so that the reading falls within 5 
divisions in either direction from zero. Impulses 
which show beyond the limit in the direction of 
the normal scale of the voltmeter are called 
“ heavy," and the impulsing springs of the dial 
under test are suitably adjusted to bring the 
reading within the limits. Readings beyond the 
limit below zero are termed “ light," and here 
again in most cases suitable adjustment can be 
obtained by slightly altering the spacing of the 
dial impulsing springs. Care is exercised, how- 


but to date the limits of its usefulness in this 
direction have not been fully exploited. 

It is realised that the circuit is not perfect. 
Tests are being conducted at present to improve 
the method of calibration, particularly in the 
direction of defining the limits and the margin 
of safety to be allowed. Errors also arise due to 
the “ lost time "' of contact of a dialling relay 
and to variation of exchange voltage. It is 
considered, however, the accuracy obtained is 
well within the limits procurable for any electrical 
measurement on an exchange test desk. The 
circuit is installed in several exchanges and its 
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Additional Scale enclosed by dotted lines 
Leiers L&H indicole margins of scale used for Weight test. L denotes 
Light. H denoles Heavy Upper figures indicate Impulse frequency. 


Fic, 2.—VOLTMETER SCALE MODIFIED FƏR TESTING IMPULSE 
FREQUENCIES AND WEIGHT. 


usefulness and accuracy has been well proved. 
The circuit shown in Fig. 1 is schematic only 
and does not show all the details necessary for 
connecting the apparatus in the desk test circuit. 

An electrical method employing the test desk 
voltmeter for the measurement of impulse fre- 
quency has also been developed, the elements of 
the circuit being indicated in Fig. 3. The 
impulsing and voltmeter control relays have not 
been shown, but this part of the circuit is similar 
to the corresponding part of Fig. 1, relays AA’, 
BA’ and CA’ corresponding respectively with 
relays A, B and C. The test key KA’ is 
inserted in the regular test circuit on the test 
desk and, on being thrown, relay AA’ is 
operated from the subscriber's service under test. 
The mechanic at the subscriber's premises pulls 
О on the dial, thus causing relay ЛА’ to im- 
pulse. The impulsing of contact AA’ causes 
the charge and discharge of the two microfarad 
condensers, the discharge being dissipated in 
the closed circuit provided, the charge being 
obtained through the bridge combination. 

The bridge is arranged so that when impulses 
are being delivered at the rate of 10 per second 
there is no average potential difference across the 
terminals of the voltmeter. For frequencies 
other than 10, an unbalanced condition is set up, 
a deflection in one direction being obtained on 
the instrument for frequencies above re and in 
the opposite direction for frequencies below to. 

Owing to the time of charge and discharge of 
the condensers being small compared with the 
time of contact of the relay for ordinary impulse 
frequencies and ratios, the average charging 
current taken over the time of one impulse train 


is practically proportional to the frequency of 
impulsing. Owing to the damping of the volt- 
meter movement, the pointer takes up an almost 
stationary position proportional to the average 
current passing through it, and the instrument 
may therefore be calibrated to measure frequency. 

The frequency is indicated in the manner 
shown in the top auxiliary scale in Fig. 2. It 
will be noted that standard speed corresponds 
with zero deflection. As a dial in standard 
adjustment takes but one second to deliver its 
impulses, it is essential that the voltmeter needle 
move as little distance as possible. Incidentally, 
it may be mentioned that the sensitivity of the 
apparatus is such that variations of frequencv 
during a train of 10 impulses are indicated. 

To calibrate the circuit, connect the inter- 
rupter machine on zero loop to relay AA’. Bv 
running the machine alternately at 10 and 14 
impulses per second and adjusting resistance a, 
and perhaps b, the correct frequency indication 
can be obtained on the voltmeter. "The resist- 
ance values shown in Fig. 3 are tvpical only. 
Other frequencies should be indicated correctly, 
but should be checked. 

As stated earlier, the kevs for connecting both 
the frequency and ratio test circuits are. placed 
in the ordinary test desk circuit. This arrange- 
ment gives a very convenient and rapid method 
of carrving out the tests, with the added advant- 
age of utilising standard test desk equipment. 

Our thanks are due to the Chief Electrical 
Engineer for permission to use the information 
gained from various tests. 

[ Nole.—In the B. O. O. Administration, main- 
tenance men do nol adjust faully dials, bui 
change them on instructions from the Test Clerk, 
Adjustment of the dials is done by skilled staff at 
the exchange asa bench job.—Eps., P. O. E. E.. 
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INSTALLATION OF SINGLE CHANNEL CARRIER SYSTEM CONNECTING 
MELBOURNE TO HAMILTON AND MILDURA. 


[From the general data communicated by the Standard Telephones and Cables Company 
Limited, the officers of the Engineering Branch of the Postmasler-General's Department pro- 
posed a scheme whereby the new type of carrier apparatus which had just emerged from 
laboratory tests should be put into commercial practice. As this equipment is the first of its 
kind to be installed, it is considered that a brief outline of the system will be of general interest. | 


К. N. PanriNGTON, M. I. E. (Ausl.), 


Superintending Engineer, Postmaster-General's Department, for the State of Victoria, Australia. 


ҮРЕ Ca, F. carrier telephone system was 
| recently developed by the Laboratories 
of the Standard Telephones and Cables 
Company Limited, in order to provide 
economically for a one 2-way telephone channel 
over a pair of open wire aerial conductors with- 
out disturbing any existing facility, either 
telephone or telegraph. 
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CARRIER SYSTEMS: MELBOURNE PANELS. CARRIER SYSTEM: HAMILTON PANEL. 
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FIG 1 
po SCHEMATIC OF CARRIER CIRCUITS IN VICTORIA 
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The system is essentially long haul and 15 
applied in Victoria to connect important country 
towns separated by a distance between 150 and 
800 miles over the route either where relatively 
few wires exist, or else where congestion would 
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necessitate expenditure on new pole routes. For 
moderate distances terminal apparatus only is 
required, but over long ranges it is necessary to 
have a carrier repeater to compensate for the 
line losses. 
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The positions of various components of the 
terminal apparatus are shown in Fig. 4. On 
the left is а 4-wire terminating circuit, with 
which is associated the ringer equipment. Under 
present practices this is now 16 cycles, but 
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provision has been made to utilise the 1000 
cycle ringer. The terminating equipment 
comprises a hybrid coil and the line balancing 
network, which function to separate the in- 
coming from the outgoing speech currents. On 
the extreme right is the carrier line filter group, 
comprising a high pass filter having a 
characteristic such that it suppresses currents 
of frequencies below 3000 cycles, and a low pass 
filter which suppresses frequencies above 3000 
cycles. This group is essential to the derivation 
of the carrier circuit. The remaining compon- 
ents are shown in greater detail in Fig. 5. 
The current from the carrier oscillator, to- 
gether with the speech currents from the 4-wire 
terminating circuit, are together impressed upon 
the grid of the modulator in such a manner 
that the modulated carrier current consisting 
mainly of two side bands and the original 
speech currents pass through the equaliser which 
attenuates the lower frequencies of side band 
more than the upper, so compensating for the 
unequal propagation in the line and incidentally 
suppressing the speech current. The transmit- 
ting filter, one of two band pass filters connected 
in parallel across the line, functions to suppress 
the unwanted modulation component and to 
transmit the wanted side band, after its power 
level has been raised to +15 TU by the 
transmitting amplifier. At Melbourne this 
filter transmits the lower side band over the 
carrier line to the receiving filter at the distance 
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terminal. This attenuated band passes through 
the receiving amplifier, where its level is raised 
12 TU, then to the demodulator which 15 
supplied by the same carrier current as the 
modulator. Resultant speech currents only are 
transmitted through the low pass filter to the 
hybrid coil and thence on to the switchboard. 
The Engineering Department of the 
Australian Post Office has completed recently 
the installation of a single channel carrier 
system between Mebourne and Hamilton in 
order to improve the transmission over an 
omnibus circuit between Mt. Gambier and 


COMMONWEALTH Of AUSTRALIA ——- 


MODULATOR 


VE NET 
Fu Ringer 


AUSTRALIAN CARRIER SYSTEMS. 


equivalent of approximately 12 TU. [п 
consequence of this voice frequency loss, any 
feeder line switched at Hamilton over this 
circuit would have an equivalent in excess of 
that which the Transmission Section regards as 
the limit for the propagation of commercial 
speech. The longest of these spur lines was 
100 miles in length and served the famous 
tourist resort, Mt. Gambier. 

The necessity for an improved service with 
Melbourne caused the Commonwealth Post 
Office Administration to consider the erection 
of a direct circuit which would provide good 
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Hamilton. In the western portion of Victoria 
and the south-eastern portion of South Australia 
thereexistsa tremendous farmingdistrict having 
a large community of interest with Melbourne, 
the capital city of Victoria. Hamilton, a 
prosperous country town with a population of 
about 3,000, is situated in the centre of this 
area and is the logical traffic centre of the 
telephone and telegraph communication of this 
district with Melbourne. Prior to the carrier 
installation, the only means of communication 
consisted of one 200 Ib. H.D.C. non-repeatered 
open wire line between Melbourne and 
Hamilton, 168 miles in length, giving an 
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transmission between Mt. Gambier and 
Melbourne. Both from an economic and trans- 
mission standpoint it was decided to instal type 
C2,F. carrier system between Melbourne and 
Hamilton, using the existing omnibus line to 
Mt. To 
ensure continuity of service a reserve carrier 
line was obtained on a different pole route by 
installing carrier transfer filters at Warrnam- 
bool. 
Fig. 1 is a schematic lavout of the carrier 
lines within that portion of the Commonwealth 
controlled by the Superintending Engineer for 
Victoria. The original proposal for the 


Gambier as voice frequency link. 
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Melborne-IIamilton circuit required the carrier 
to operate with a zero equivalent between 
terminal test boards in order that Mt. Gambier 
could obtain a 12 TU service. By special 
engineering devices it was found possible to 
operate the system at a 4 TU gain on the carrier 
line and this, together with the r2 TU loss 
between Hamilton and Mt. Gambier, gave a net 
equivalent of 8 TU between Melbourne and 
Mt. Gambier, and, by using one channel of the 
Melbourne-Sydney system having a 3 TU 
equivalent, the Administration is able to offer to 
the telephone public a facility between Mt. 
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work because the nearest office on the voice 
frequency line between Hamilton and Mt. 
Gambier was but 2 TU distant At the 
Melbourne terminal, only se ft. separates the 
trunk switchboard frem the carrier unit and to 
obtain better balance characteristics a 10 TU 
pad was inserted permanently in the voice 
frequency line. This has reduced the possi- 
bilitv of end-to-end sing and undoubtedly the 
result has made possible the 4 TU gain. 

Fig. 3 will enable the reader to picture the 
area served by these various spur lines and will 
show that Hamilton is able to switch 4 spur 
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Gambier and Sydnev, a distance of approxi- 
mately 1,000 miles, having a voice frequency 
equivalent of irr TU. To ensure the carrier 
system being used to its full advantage, a parallel 
jack arrangement was installed in the switchboard 
at Hamilton as shown in Fig. 2. The 8 TU pad 
in the. voice frequency circuit prevents over- 
loading of the transmitting amplifier, when 
Hamilton and 4 short spur lines are switched 
over the system. This pad is automatically 
cut out when the system is switched through 
to Mt. Gambier. Considerable trouble was 
experienced in the provision of a balance net- 


lines extending to Terang Warrnambool, 
Portland, Mt. Gambier and Narracoorte. 

The problem of providing a high grade 
transmission circuit between Melbourne and 
Mildura was solved also by the use of a type 
C2,F. system, together with the installation of 
an intermediate repeater at St. Arnaud, 
approximately the half-way point of the line. 
Mildura is the commercial centre for a district 
made wealthy and fertile by the successful 
application of agricultural science to farming 
problems. It is the centre of a wonderful 
fruit-growing area, stimulated in recent years 
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by the assignment of land to returned soldiers, 
and the town must progress by virtue of its 
position on the banks of the river Murray. 
This telephone traffic centre was connected io 
Melbourne by a 300 lb. copper non-repeatered 
aerial trunk line serving the intermediate 
stations St. Arnaud, Birchip, Woomelang and 
Ouyen. Te relieve tratfic congestion and to 
provide a high grade transmission circuit to 
Mildura and the outlving areas, a carrier system 
was superimposed on this circuit, the carrier 
current being by-passed at the intermediate 
offices by means of carrier transfer filter sets. 
With the installation of the carrier channel 
the trunk line was permanently divided гї 
Birchip and arranged so that Birchip and St. 
Arnaud were given direct access to Melbourne 
on one half of the physical circuit. The other 
half was used for local traffic between the 
intermediate stations and for conversations 
extending through Mildura to Melbourne. In 
effect, then, a Melbourne subscriber calling 
Birchip can be switched over one of two circuits, 
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the one by the physical trunk having 1000 cycle 
equivalent 12 TU and the other over carrier 
to Mildura and thence back via physical to 
Birchip, having an equivalent of approximately 
7 TU. The transmission equivalent of the 
original circuit at 1000 cycles was 16 TU. This 
included the loss in the transfer filter sets. 

To ensure that the line was free from 
irregularities other than the  unavoidable 
lengths of trunk entrance cable, impedance and 
attenuation measurements were taken over the 
range 4000 to 30,000 cycles. The line was by 
no means free from irregularities and a study of 
the graph in Fig. 7 revealed the existence of 
unknown irregularities, the majority of which 
lay between St. Arnaud and Birchip. The 
special line party detailed to make a thorough 
examination of the trunk located all of these, 
and the satisfactory state of the line after the 
examination is revealed by the graph in Fig. S. 
The 10% variation in the mean characteristic 
impedance was due entirely to the presence of 
a length of trunk entrance cable used to lead the 


trunks under the railway line and into the 
office. 

This system can be used to give a 6 TU 
conversation when used for Mildura subscribers 
by the switching in of a 6 TU pad in the 
voice frequency circuit operated by a relay con- 
nected to the spring contacts of the local jack. 
The circuit will also give a 2 TU conversation 
when used for Ouyen subscribers, and as Ouyen 
is the switching centre for Euston in New South 
Wales and Pineroo in South Australia we are 
able to carry out a conversation with Melbourne 
over 500 route miles with an equivalent not 
greater than 9 TU. As in the case also of the 
Hamilton installation, we are able to extend 
this system to Sydney, Adelaide, and within a 
very short space of time to Brisbane. This 
last connection will be made possible by the 
completion of the multi-channel system between 
Sydney and Brisbane. Conversation. from 
Pineroo to Brisbane will then be approximatelv 
2,000 route miles, and the equivalent will not be 
greater than 15 TU. 


THE USE OF A WENTE CONDENSER TRANSMITTER TO MEASURE 


SOUND PRESSURES IN 


ABSOLUTE TERMS. 


A. J. ALDRIDGÆ, A.C.G.I., A. M. I. E. E. 


ENTE Condenser Transmitters have 
V \ | now been in use for some ten years or 

more, both as practically distortionless 
transmitters for speech and broadcasting and as 
a means of measuring sound pressures. It is 
probably not generally known that their use, 
without suitable corrections, may involve certain 
errors which it is proposed to indicate here. 
These errors have been referred to by Mr. E. 
]. Barnes in the discussion on Captain Cohen's 
1.Е.Е. paper (read 17.11.27). 

So far as is known, no calibration curves have 
been published other than those supplied by the 
makers. It is not suggested that these are 
inaccurate, but the calibrations are carried out 
in a certain manner and are not, in many cases, 
applicable to the conditions in which the 
instruments are used. 

As is probably well known, the calibration is 
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carried out by means of a thermophone. This 
consists of two slips of gold foil mounted upon 
a plate which is caused to fit airtight in the 
recess in front of the transmitter. А known 
direct current is passed through these strips and 
superimposed upon this current is a known 
alternating current of any desired frequency. 
The small space between the transmitter 
diaphragm and the thermophone mounting 
plate is kept filled with hydrogen gas under 
atmospheric pressure. Knowing the dimensions 
of the foils, and of the chamber in which they 
are, it is possible to calculate the alternating 
sound pressure developed by the passage of the 
alternating current through the foils. The 
calibration curve is the ratio of the E.M.F. 
developed by the transmitter to this sound 
pressure in dynes per square centimetre. 
Assuming the various constants are accurately 
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known, and the computation is accurate, this Considering these in turn :— 
gives a perfectly definite calibration, but it is (1) The effect of the hydrogen is probably 


at once evident that the transmitter will seldom, 
if ever, be used in the condition in which it is 
calibrated, and unless corrections are applied 
errors will be introduced. The following appear 
to be the chief sources of possible error. 


(1) The calibration is made in hydrogen. 


(2) The front of the transmitter is sealed (2) 
with a small hydrogen-filled cavity, 
whereas in use it will usually be open to 


negligible. It will slightly alter the 
damping on the diaphragm, but as by 
far the greatest damping is produced 
by the verv small enclosed space 
between the diaphragm and the back 
electrode the other mav be neglected. 


The enclosure of the front of the 


transmitter has three effects. The restor- 
ing force in the diaphragm will be some- 
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(3) The air pressures in terms of which the 
calibration is given are the actual sound . 
pressures actuating the diaphragm. In 
use the transmitter by its mere presence 
in a sound field will distort this field 
and cause the pressure at the position 
of the diaphragm to be greater than it 
was before the insertion of the 
transmitter. 


natural frequency; the additional load 
on the diaphragm due to the air which 
must be moved when the transmitter is 
is used in the open is absent, and this 
will also raise the natural frequency. 
Neither of these effects is likely to be 
serious except at resonance, and as this 
is usually outside the range of 
frequency over which the transmitter 
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is used, the effects may probably be 
neglected. The third effect is, however, 
important. The diaphragm is set in 
the case about 1.5 cm. below the front, 
and hence there is left, when the trans- 
mitter is used in the open, a shallow 
tubular resonator. The effect of this 
is shewn in the curves in the figure 
based on tests carried out in the P.O. 
Research Laboratory bv Mr. West on a 
370W type transmitter. Curve I gives 
the calibration in terms of the actual 
pressure on the diaphragm and 
corresponds to the calibration supplied 
by the makers. Curve II gives the 
calibration in terms of the pressure 
at the position of the diaphragm in the 
sound field, before the introduction of 
the transmitter. It will be seen there 
iS a pronounced resonance. present, 
masked, to some extent, by an effect 
referred to under (3). Curve III is 
taken under conditions similar to those 
for Curve II, except that the recess has 
been artificially doubled in depth 
without altering the diameter. 

Considering the space as a tubular 
resonator, and allowing for the end 
correction, the calculated resonance 
frequencies for the two conditions are 
2600 чл and 1800 «^ which indicate that 
the effects obtained experimentally 
shew the right order of resonant 
frequency. 


A sound wave striking any obstacle in 


its path will be partially reflected. 
The greater the ratio of the diameter 
of ile obstacle to the wave length 
the more complete will be the reflection, 
until at high frequencies complete 
reflection will occur. The reflected 
pressure adds to the incident pressure, 


with the result that the actual pressure 
on the diaphragm is greater than that 
of the original sound field at the 
position of the diaphragm. If the 
transmitter is being used to measure 
sound pressures using the published 
calibration the effects of (2) and (3) will 
be to indicate pressures considerably 
greater than they really are. 

It will be seen that at 1800™ the 
pressure indicated is 3.1 times the true 
pressure. 

With an ordinary Wente transmitter 
the reflection effect referred to causes 
an increase of pressure of about 50% 
at 1500 

The effects of an obstacle in a sound 
field are being more fully dealt with 
by Mr. W. West in an article which 
will shortly appear. 

The preceding remarks аге of 
importance in connection with the 
C.C.I. Master Reference System. 

Wente condenser transmitter, 
having a somewhat smaller recess in 
front, has now been installed as part 
of the Master Reference Telephone 
Standard at the C.C.I. Laboratory :n 
Paris, with thermophones for calibra- 
tion. As previouslv stated, this gives 
a perfectly definite calibration and can 
be used to ensure that no change has 
occurred in the efficiency of the system. 
It must be remembered, however, that 
the calibration will not give the 
efficiency in absolute terms for the 
conditions of actual use, and this may 
give rise to misconception if compara- 
tive tests are made using transmitters 
of different shapes and sizes, or 
calibrated or used in other ways. 
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ROTTERDAM MUNICIPAL TELEPHONE SERVICE. 


\ A J E have received the official report on 
the Rotterdam Municipal Telephone 
Service for the year 1927. It contains 
some interesting information as to the develop- 
ment of the Ericsson Automatic system in a 
large commercial centre on the continent where 
the Municipality is distinguished for its 
progressive and enterprising attitude. 


During the year reviewed, the third of the 
three main exchanges which provide the 
Municipal Service was converted to automatic 
working. With the completion of this work 
at Botersloot, which involved the transfer of the 
semi-automatic equipment from the Vlaggemans 
Street Exchange, automatic working is now 
installed throughout the Municipal area. 
At the end of the year 1927, the 
total number of subscribers’ circuits was 
20,804 (as compared with 19,752 at the 
end of the year 1926) of which 12,509 
were connected to the Botersloot Exchange, 
4,691 to the Korenaar Street Exchange and 
3,544 to the Vlaggemans Street Exchange. So 
far as the Korenaar Street Exchange is con- 
cerned, 3,770 circuits, out of the 4,691, are now 
being worked wholly automatic, and all of the 
3,544 circuits conected to the Vlaggemans Street 
Exchange. 

The automatic plant fulfils afl expectations 
and, as in the past, no serious interference with 
working occurred. 


The increase in local traffic, compared with 
1926, amounted to 4.2 million calls (the increase 
in 1926 over 1925 was 6.5 millions). The 


figures for the international traffic are interest- 
ing. While the number of calls with Engiand 
diminished from 57,544 in 1926 to 53,829 in 
1927, the calls with Germany increased from 
280,940 in 1926 to 345,941 in 1927 Han increase 
of 23.6%. The calls with Belgium fell from 
125,115 in 1926 to 115,710 in 1927. The calls 
to France increased from 3,963 to 10,002 in 
1927. Calls to Denmark, Czecho Slovakia and 
Switzerland also increased very substantially—- 
there were nearly seven times as many calls 
to Czecho Slovakia, for example, in 1927 as 
in 1926, and nearly five times as many calls 
to Switzerland. New circuits to Austria, 
Dantzic, Italy and Hungary resulted in consider- 
able traffic with these countries. The trunk 
calls from and to Rotterdam during the year 
1927, were 3,408,450, an increase of 204,298 or 
approximately 9.595 compared with the previous 
year. 

Appreciable increases also took place in the 
time and fire alarm services, but a reduction 
occurred in the number of telegrams forwarded 
over telephone circuits, the number of telegrams 
falling from 446,983 in 1926 to 408,617 in 1927; 
on the other hand, the number of telegrams 
delivered to telephone subscribers over their 
telephone circuits rose from 94,687 in 1926 to 
103,913 in 1927. 

The daily total of faults fell from 123.1 to 
118.1 in 1926. 

The profit on the whole undertaking 
amounted to 989,141 Dutch florins in 1927, 
compared with 955,352 florins in 1926. 


STANDARDISATION OF STATIONARY SECONDARY CELLS. 227 


THE STANDARDISATION OF STATIONARY SECONDARY CELLS 
IN THE BRITISH POST OFFICE. 


H. C. Jenes, B.Sc., Eng. Hons. 


ELEPHONE apparatus designed and in- 
stalled during recent years has generally 
required considerably more power for its 

operation than had been the case previously, and 
it is not surprising, therefore, that the capacity 
of batteries in use in the British Post Office has 
increased enormously as a result. In 1919 the 
total capacity of batteries in use in the Post 
Office was 5,000 kilowatt hours. To-day it is 
approximately 30,000 kilowatt hours and by 
1936 it is estimated it will have increased to 
100,000 kilowatt hours. In one building alone 
there are now batteries working having 2,000 
N. W. hours capacity, i.e., 40% of the capacity 
of all the batteries in Post Office use in the 
country in 1919, whilst there are installations 
under consideration which may require batteries 
of double this size. The development is not con- 
fined, however, to large installations, for with 
the extended use of automatic apparatus and 
lamp signalling manual equipment, it is now 
necessary to work many small exchanges of 50 
lines and less from secondary cells. During 
1927, over 20,000 secondary cells of less than 
300 Amp. hrs. capacity were installed by the 
Department's staff, making an estimated number 
70,000 cells of these sizes in Post Office use at 
the present time. 

It will be appreciated from the foregoing that 
the standardisation of all sizes of secondary cells 
has become an absolute necessity, as otherwise 
undue difficulties would be experienced when 
repairs аге required. Моп -standardisation 
would necessitate each repair being treated as a 
special job and would entail excessive time and 
labour. Detailed standardisation results in each 
plate renewal being a comparatively simple 
matter of routine. 

Some four or five vears ago the Department 
standardised in detail 11 sizes of stationary cells 
varying from 8 Amp. hrs. to 300 Amp. hrs. 
capacity, and consequently the installation of 
many small power plants that were required 


shortly afterwards was made a very simple 
matter. Probably about 95% of the small 
secondary cells in use at present are of these 
standard types. The stardardisation of large 
secondary cells up to the largest sizes was a 
matter which could not be dealt with rapidly, but 
it was appreciated that if the large new exchanges 
then under consideration were fitted with non- 
standard plates considerable difficulty would 
result in future when repairs were required. In 
1925, therefore, five standard plates were agreed 
upon by the Department in conjunction with the 
Accumulator manufacturers, and it was arranged 
that all new batteries of above 300 Amp. hrs. 
capacity supplied to the Department should be 
htted with plates of one of the agreed dimen- 
sions. This scheme standardised cells, as re- 
кагаз plate dimensions, from 8 Amp. hrs. to 
those of the largest sizes and ensured that future 
repairs on all batteries could be carried out 
economically. 
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The scheme has now been completed in detail 
by the recent issue of '' Specification for Cells, 
Secondary Stationary, Nos. 12/N to 16/N," in 
which every component required for the con- 
struction of any cells from доо Amp. hrs. to 
13,800 Amp. hrs. capacity has been definitely 
specified. 
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The following is a brief resumé of the chief 
points encountered in the work of standardisa- 
tion. In the first place it was necessary to decide 
on a basis for the comparison of cells of various 
types and manufacture, and in order to do this 
the voltage at which a cell was to be considered 
discharged had to be decided. As a result of 
experiments, the curve shown in Fig. I, in which 
the voltage of a cell at the end of discharge is 
plotted against the rate of discharge, was pro- 
duced and was agreed by the accumulator manu- 
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on a large number and variety of cells, it was 
found that the capacity of plates, both positive 
and negative, as manufactured by the various 
reputable Accumulator firms, varied with the 
plate thickness as indicated bv the curve shown 
in Fig. 2 and could be expressed by the formula : 
1.03 area thickness? Amp. hours, the dimen- 
sions being in inches. 

It should be noted that this formula does not 
hold good for all types of cells. Portable 
batteries, in which weight must be kept to a 


9 = " " —— 
AH Capacity = 03A J T? 
: where T — [Thickness of Plate in Inches. 
== i - —— E c 
E \ = [Size of Plate in Square Inches. 
a. 
o 
"e 
& * 
ч) 
CR. 
[s] 
4E 
= [5 
v % 
8 eS 
a Ра 
t 
a 
v ИА 
£ E 
=. 
е | 
= | 
Ф | 
© і 
x. 
E / 
ч 
05 “10 “15 20 25 30 “35 40 45 -50 55 ‘60 


Thickness of Plate in Inches. 


Fic. 2. 


facturers. In passing, it will be noticed that it 
is from this curve, that the now familiar figure 
of 1.83 volts, which represents the P.D. of a cell 
at the end of a discharge at the 9 hour rate, is 
obtained. 

А second problem was to define in what way 
the Amp. hour capacity of a cell was related to 
the dimensions of the plates. It was fairlv 
obvious that the capacity was proportional to the 
superficial area, but it was not clear how it was 
affected by the thickness. As the result of tests 


minimum, have a much higher capacity than 15 
indicated by the above expression, but as a basis 
for comparing stationary cells, where weight and 
space are not vital considerations, but where 
long life is required, the formula has been found 
to be very accurate. 

It was now possible to proceed with the actual 
design of the cells (we are considering for the 
moment those up to 300 Amp. hrs. capacity). 
At the outset three sizes of plates were decided 
upon as follows : — 
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Positive Plates. 


Width. Height, Thickness. 
Е i 
4” n | „2” 
5” 63” 12 mm. 
ge 94” 12 mm. 


and it was arranged that these should be burnt 
up into sections containing 1 to 3 8-Xmp. hour 
positive plates; 3, 4 or 3 24-Amp. hour positive 
plates, and 4, 5 or 6 50- mp. hour positive plates. 
The negative sections contained one more plate 
than the corresponding positive sections. 
Provision was made on each of the sections 
for bolted connections so that batteries could be 
erected by- bolting together adjacent cells, no 
lead burning being, therefore, necessary. Eleven 
sizes of glass boxes suitable for containing the 
various sizes of sections and the other necessary 
components for building up batteries were also 
designed and standardised. By this means a 
comprehensive series of її sizes of secondary 
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Capacity of 


Negative Plates. А 
Positive Plates 


а=: | 
| ] 
Thickness. | 


Height. Amp. Hrs. 
| | 
| 4" 157 | 8 
61" 8 mm | 24 
940 8 mm. | 50 
| 


cells having capacities of 8, 16, 24, 32, 40, 72, 
90, 120, 200, 250 and 300 Amp. hours was built 
up, the cells being styled '* Cells, Secondary, 
Stationary Nos. I-II.“ Arrangements were 
made for the Stores Department to hold stocks 
of these cells, both complete and in their separate 
components. 

As no lead burning whatever is necessary, the 
erection and repair of batteries composed of these 
cells can be conveniently carried out by staff 
which is not specially experienced in battery 
work. 

Now as regards the larger cells. 
of the five standard plates which 
been referred to are shown below : 


The details 
have already 


1 Positive Plates. Negative Plates. 

Арасцу. 

Amps. Hrs. | Width. Height. i Thickness. | Width Height Thickness. 

| ; 
100 10” 13” 12 mm. 10” 134" 8 mm. 
150 14” 14” 12 mm. 14" 141^ 8 mm. 
200 14" 20" 10.4 mm. 14" 201^ 8 mm. 
300 14” 30” | 10.4 mm. 14” 30" 8 mm. 
430 го” 29” | 10.4 mm. 203" 29" 8 mm. 
| 


The standard plate pitch is 17”. 


The standardisation of these plates was a big 
step forward. Hitherto each battery maker had 
supplied cells of his own special size and design. 
which frequently entailed difficulty as regards 
effective competition when plate renewals 
were required. Standardised plate dimensions 
obviated this feature. Previously the space 
allowed in the design of new buildings for battery 
equipment had to be on generous lines as, 
although the necessary Amp. hour capacity 
could be determined fairly accurately, the linear 
dimensions of the batteries were not definitely 
known. The standardisation of plate dimen- 
sions, however, permitted the necessary accom- 


modation being accurately determined from a 
simple formula. 

Following the agreement regarding plate 
dimensions the standardisation of the large 
batteries was proceeded with in detail. It was 
decided to adopt a somewhat unique scheme in 
which the plates were burnt together in con- 
venient sections containing 2, 3 or 4 plates, 
arrangements for the inter-cell connections being 
made by bolting together adjacent positive and 
negative sections. 

The positive plates were arranged to be made 
up into 2 or 3 plate sections and negative plates 
into 2, 3 or 4 plate sections. It is obvious that 
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by a suitable arrangement of these sections a cell 
could be constructed containing any number of 
positive plates more than 2. The negative plate 
sections were arranged to be connected to posi- 
tive sections containing the same number of 
plates, except at one end of the cell where the 
negative section contained one more plate than 
the corresponding positive section. This will be 
made clear from Fig. 3, which shows diagram- 
matically the construction of a cell containing 
8 positive plates. Fig. 4 shows clearly the con- 
struction of the plate sections and the method bv 
which adjacent positive and negative sections are 
bolted together. This system of grouping plates 
in small sections of bolted connections obviates 
lead burning in exchanges and renders possible 
the ready removal of plates by the local staff for 
inspection, the straightening where necessary of 
buckled plates, the removal of short-circuits and 
enables replacements to be made with facilitv. 
It permits, where necessary, the use of deeper 
plates in existing boxes, seeing that by the re- 
moval of one or two sections a gap can be made 
for the removal of sediment. Moreover, anv 
repairs or replacements may be carried out piece- 
meal whilst the battery is working. Additional 
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sections can easily be fitted to partially equipped 
batteries, either by adding previously charged 
sections to each cell if the existing plates are in 
good condition, or by re-distributing existing 
sections over fewer boxes and fitting the remain- 
ing boxes with new sections. The usefulness of 
the scheme will be appreciated from the follow- 
ing example. It was recently necessary to 
examine a battery where some slight buckling 
had occurred. А buckled plate having been 
located, the section concerned was removed from 
the cell, the plate straightened and the section 


replaced in the cell and bolted up again in five 
minutes. 

In the new specification 113 sizes of cells have 
been specified in detail to cover a range of from 
400 Amp. hours, using too Amp. hour plates to 
13,800 Amp. hrs., in which cells 430 Amp. hr. 
plates are used. The following schedules give 
extracts from the tables in which the components 
required for the construction of these cells are 
specified in detail, and Fig. 5 shows in detail 
the construction of the cells and scheme of cell 
connections :— 


PARTICULARS OF CELLS CONTAINING PLATES OF 299 AH. CAPACITY PER PLATE AT Q HR. RATE. 
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Fig. 6 shows a general view of two 11 cell 
batteries of 5650 Amp. hr. capacity constructed 
of 300 Amp. hr. plates. It shows clearly the 
construction of the battery stands, the support- 
ing insulators, the method of supporting end 
cells, the interconnecting of the plate sections at 
the positive and negative ends of the battery, all 
of which points are covered in the specification, 

It will have been noticed from an examination 
of Figs. 4 and 6 that except at the positive and 
negative ends of the battery, individual cell 
positive or negative sections are not intercon- 
nected. Theoretically this particular disposition 
of plate sections results in a transfer of current 
on charge and discharge diagonally across the 
battery and consequent unequal working of the 
plates. This is confirmed to some extent in 
practice by slightly uneven voltage readings, 
certain sections showing a tendency to attain a 
high voltage on charge and a lower voltage on 
discharge than other sections. This has led to 


a certain amount of difhcultv in making the 
acceptance tests, as it has not been possible to 
determine by voltage readings exactly when a 
cell was discharged. It has. therefore, been 
decided to fit connection bars in the form of 
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leadised copper strips so as to cemmen the 
adjacent sections ef individual cells. These wil! 
net interfere with the particular advantages ef 
the bolted connection system previeusly enumer- 
ated, and will also nullify the possibility ef any 
trouble which might have resulted from the un- 
equal distribution of the current on charge and 
discharge. 

There has been in the past a certain ameunt ef 
controversy regarding the testing ef secondary 
cells. All the relevant P.O. specifications, how- 


batteries. The Department supplies this ameunt 
of power free of cost and alse the pewer required 
fer the test charge, previded this does net exceed 
1/oth more than the guaranteed capacity ef the 
batteries. Any excess power used is chargeable 
te the contracter at a rate ef за. per B. O. T. unit. 

The initial charge and preliminary er emptv- 
ing discharge are given prier te the tests se as 
to get the cells inte a cyclic cenditien. The 
preliminary discharge is continued fer 9 heurs 
at the 9 hour. discharge rate, or alternatively at 
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ever, deſinitely stipulate what tests are to be 
applied and have clarified the pesitien as far as 
the battery centractors and the Department are 
concerned. It is theught that particulars ef the 
tests may prove of interest and the tests made in 
respect of the large ceils are therefore given in 
seme detail belew. 

In the first place, when tendering, the con- 
tracter is required te state the number ef Amp. 
heurs required fer the initial charge ef the 


DETAILS OF CeNSTRUCTION. 


the g heur rate until the veltage ef the battery 
falls te 1.83 x N, where N is the number ef cells 
in the battery. The test charge is then imme- 
diately given at a rate which is determined by 
the contractor, but must net be less than the 8 
heur discharge rate. The charge is centinued 
at this rate until net less than 70% ef the tetal 
charge has been given, when the current may be 
reduced to a rate not less than half ef what it was 
previeusly and centinued until the cells are 


STANDARDISATION OF 
charged to the contractor’s satisfaction. After 
three hours, and before 12 hours have elapsed 
after the test charge, the test discharge from 


which the capacity of the battery is determined. 


is commenced. The discharge ‘is made at the 
9 hour discharge rate and is continued until the 
voltage across the battery falls to 1.83 x N, N 
being the number of cells in the battery. The 
ampere-hour and watt-hour efficiencies are deter- 
mined from the test charge and discharge. In 
the event of the guaranteed Amp. hour capacity 
being discharged before the battery voltage falls 
to the above limit, the amp.-hour and watt-hour 
efficiencies are determined from the readings 
taken down to the point at which the guaranteed 
Amp. hour capacity had been discharged. 
During the tests, hourly readings are taken 
on each cell of specific gravity, the temperature 
of electrolyte and the voltage, but towards the 
end of the test discharge, 1 hourly readings are 
required, not less than five 1 hourly readings 
being necessary. All specific gravity readings 
are corrected for temperature to 60°F., by adding 
.001 to the hydrometer readings for each 3°F. by 
which the temperature exceeds 60°F., or by 
deducting .оот for each 3°F. by which the 
temperature is less than 60°F. The ampere-hour 
capacity obtained on the test discharge is also 
corrected for temperature, by deducting .5% of 
the ampere-hour output obtained on test for each 
degree Fahrenheit by which the temperature of 
the electrolyte exceeds 60°F., or by increasing 
the capacity by .5% for each degree Fahrenheit 
bv which the temperature of the electrolyte is 
less than 60°F. The temperature on which this 
correction is based is the mean of the average 
temperature readings of the electrolyte of all the 
cells taken during the last 15 minutes of the test 


discharge. 
In addition to the cells themselves, instruc- 
tions and apparatus for their maintenance 
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have also been definitely standardised. The 
Secondary Cell Log Book, which was introduced 
in 1919, lays down the necessary regulations as 
regards day-to-day maintenance. As the main- 
tenance is carried out on the specific. gravity 
method, suitable hydrometers with specially 
long scales to facilitate accurate measurement 
have been designed and three tvpes cover the 
whole range of cells. Hydrometers No. 9 are 
used with Cells, Secondary, Stationary, Nos. 1 
to 8; Hydrometers No. 8 complete with a float, 
which enables the scale to be read about 1" above 
the surface of the acid for Cells Secondary Nos. 
9to rr; and Hydrometers No. 12, which are to be 
used in the near future for all cells above 300 
Amp. hrs. capacity. 

Thermometer No. т, a special floating tv pe 
instrument, has been standardised for the deter- 
mination of the temperature of the electrolyte. 

А convenient instrument known as the Elec- 
trode Cadmium has been designed so as to 
enable Cadmium readings, which is a well- 
known method of isolating trouble in secondary 
cells, to be taken. 

In conclusion, the anti-spray oil film which is 
used on all stationarv cells in the British Post 
Office should be mentioned. The oil used is 
very pure petroleum and is standardised under 
the title of Oil, Insulating, No. 3. By its use, 
the spray of acid into the atmosphere has been 
prevented and the installation of batteries in the 
same room as the charging plant and exchange 
apparatus has been made possible. It has also 
resulted in a considerable diminution in the 
consumption of distilled water. 

It is hoped that the foregoing, although 
not by any means a complete account of the 
standardisation of secondary cells, will serve in 
some small measure as an indication of the work 
which is being done in this growing branch of 
the Department's activities. 
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CONCRETE CONSTRUCTION. 
By Lieut.-Colonel C. Н. Fox, O. B. E., B.Sc. (Fellow). 


Halracled from a Paper read before the 
Yorkshire Branch of The Surveyors' Institution 
a. Leeds on the 24th March, 1927, and re- 
printed from the Journal of the Surveyors’ 
Institution with the permission of the Council.] 


UPERIORITY OVER OTHER 
S MATERIALS.—No doubt the following 

are some of the reasons for the rapidly 
increasing adoption of this material in place of 
older established building materials. It is 
strong, impermeable to moisture, resists fire 
well, and does not harbour vermin. It does 
not deteriorate with age, but actually grows 
stronger as has been proved by tests over many 
vears, and therefore costs very little in upkeep. 
It will thus be seen to have many advantages 
over other building materials. It has greater 
strength than stone, bricks, or timber, and 
these, together with steel, all deteriorate with 
age and require a varying amount expending 
on upkeep. Steel rusts and needs constant 
applications of paint or other preservative. 
Timber and steel do not resist fire, the former 
burns while the latter expands, twists and 
buckles. Stone also splinters and cracks under 
extreme heat. 

Reinforced concrete is a scientifically designed 
material utilising the best properties of the 
component parts. Concrete is relatively cheap, 
strong in compression, resists absorption of 
water, and is one of the best preservatives of 


Steel. Steel is relatively dear, needs protection 
from the atmosphere, but is very strong in 
tension ; so in reinforced concrete just sufficient 
steel is provided to take up the tensile and shear 
stresses in the combined member, and this `5 
placed in the correct position for this purpose. 
The concrete supplies the main bulk, protects 
the steel, and resists the compressive stresses. 
Stone and timber are both relatively wasteful as 
structural members, for they are both stronger 
in compression than tension, and so have to be 
used in larger sections on account of this 
tensile weakness than would be the case if they 
were used like concrete to resist the type of 
stress they are best fitted for. 

Freedom in Design.—Stone, bricks and 
timber all cramp design as there is obviously 
a limit to the size in which these can be 
obtained, and to the parts they can play in a 
structure, although these limiting conditions 
have led in the past to great ingenuity in 
design. Concrete, however, has no such 
restrictions, and almost any kind or style of 
building can be designed. 

Materials easily available. Another con- 
sideration in favour of concrete is that the 
main bulk of the materials of which it is formed, 
namely, stone and sand, can be found in 
practically all parts of the country, and only 
the cement (and in the case of reinforced work 
the steel) needs transporting from a distance, 
thus heavy transport expense is avoided and 
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materials on the spot can be utilised. The stone 
needed is of such a small size that quarry waste 
and material that could only otherwise be used 
for filling can be utilised. In many parts of 
the country great tips of stone for which no 
use could be found are now being broken and 
crushed and sold as aggregate for concrete. 
Stone for masonry needs skilled workmen both 
to get and work it, and to fix it in position, 
Concrete can be largely made with semi— 
skilled labour under the supervision of a few 
skilled men. 

Piasticity.—Stone is very expensive if worked 
to any but the simplest shapes, and the labour 
has to be repeated on each piece however many 
there may be alike. Concrete can be moulded 
or cast to any shape, and once a mould is made 
it can be used several times, thus reducing the 
cost. In this way artificial stone (or concrete) 
competes very well with stone if there is any 
quantity of repetition work. This is the real 
test of economy in concrete. 

Generally.—Concrete is composed of a 
mixture of certain substances such as broken 
stone or brick, sand, and cement. The broken 
stone is usually known as the aggregate, and 
this forms the bulk of the concrete, while the 
sand and cement fills the voids between the 
particles and set and bind the whole mass 
together. 

Voids, &c.—To obtain a concrete strong and 
impermeable it is necessary that the proportions 
of the aggregate sand and cement should be so 
arranged that all the voids in the coarser 
material are completely filled by the finer stuff. 
An ideal aggregate is one which contains all 
sizes of particles from the largest to the lowest 
limits so that the particles may pack well 
together leaving the minimum amount of voids. 
The sand again should vary in size so that this 
may fill all the voids in the aggregate. The 
cement then has to fill any voids in the sand 
and coat over the whole mass. Economy in 
concrete construction is obtained by making the 
concrete as strong as possible at the least 
expense, which usually means using the 
minimum amount of cement to form a dense 
compact mass. When once all the voids are 
filled and the cement is adhering to all the 
sand and aggregate, the maximum strength is 
obtained for the materials used. The addition 


of more cement will increase the strength but 
also the cost. 

In plain mass concrete in its simplest form 
the percentage costs are as follows for a good 
average mix: 


Aggregate ... 25 to 30 per cent 
Sand тт . . 20 t-to 15 „ 
Cement 40 per cent. 
Labour rii sms 18 ,, 


It will be seen that the cement accounts for 
over one-third of the cost. 

A correctly graded aggregate can effect a 
saving of 10 per cent. over the cost of a badly 
graded one, so this point is most important. 

Cleanliness.—Al] the substances used in 
concrete, t.e., aggregate sand and water, must 
be clean and free from impurities such as 
sulphur, loam, earthly and vegetable matter, 
and if not in that state the aggregate and sand 
must be washed before use. Salt is an impurity 
cement and causes efflorescence and permanent 
to be avoided, as it retards the setting ef 
dampness in the finished concrete. 

Aggregale.—The aggregate must consist of 
some clean, hard, sharp and preferably angular 
material such as coke breeze, shingle, broken 
stone or brick, or crushed granite, and as to 
which is selected depends on what the concrete 
is required for, and which aggregate is most . 
easily available. In making this selection for 
anv particular work, regard must be paid to the 
grading of the material in addition to its tough- 
ness, hardness, and cost. 

(a) Coke Breeze.—The advantages of coke 
breeze are that it is cheap, and forms a concrete 
light in weight and fairly fire-resisting ; but 
against these must be set the disadvantages that 
it is porous, and has very little strength in 
compression. It is therefore no use for re- 
inforced concrete, as its porosity allows damp 
to penetrate to the steel reinforcement, and so 
sets up corrosion. Other similar but inferior 
substances are confused with coke breeze, such 
as pan breeze, ashes and clinker, and these 
must be avoided, as they usually contain dust, 
unburnt or partially burnt coal and coke, and 
dangerous elements such as sulphur, which set 
up expansion in the concrete during setting. 

Coke breeze is mainly used for such purposes 
as partitions, or inside linings to hollow walls 
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or blocks, or for filling between steel joists ;n 
floors, or any position where lightness is essen- 
tial and the porosity is an advantage rather 


than a disadvantage. ^ Nails can be easily 
driven into coke breeze concrete and obtain a 
firm grip. 


(B) Shingle.—Shingle obtained from river 
beds or pits, or even the seashore if efflorescence 
is of no importance, form a concrete of great 
strength. River or sea shingles are usually free 
from loam or clay, whereas that from pits is 
usually coated with these. If loam or clay are 
present, the particles of these prevent the cement 
adhering to the aggregate, and so interfere with 
the binding together of the mass, and reduce 
the compressive strength. Thus pit sand must 
be well washed before use. An angular 
aggregate usually makes a stronger concrete 
than a smooth one, so crushed shingle is to be 
preferred to smooth water-worn stones. 
Similarly when used in fire-resisting construc- 
tion shingle should be crushed so as not io 
exceed ? inch, as it is apt to splinter at a high 
temperature when exposed to fire unless broken 
to a small size. 

(c) Limestone and Sandstone. — Broken 
stones, such as limestone, sandstones and 
various crystalline rocks that occur geologically 
between the former and the igneous rocks like 
granite, are used for aggregate. Hard lime- 
stones, such as Portland stone, form a very 
strong concrete, but are apt to be disintegrated 
when exposed to fire. Sandstones, such as our 
local stones, form a good aggregate for 
concrete, subject to the same limitations as 
limestones, but must be carefully graded and 
washed. Angular, sharp and roughly square 
pieces should be used in preference to long thin 
or flaky ones. 

(0) Granite.—Granite forms a strong hard- 
wearing concrete, and is much used for floor 
finishes, but it does not behave too well when 
exposed to fire. 

(к) Broken Brick.—Broken brick forms one 
of the best concretes where resistance to fire is 
required. As old bricks are usually used for 
this purpose, thev must be well cleaned of all 
dust, mortar, paper, &c. Some bricks contain 
some sulphur and unslaked lime, which cause 
expansion and cracking of the concrete. 
Fletton bricks should be avoided, as these have 


been proved to be responsible for unsound 
concrete. 

Sand.—The sand, like the aggregate, must 
also consist of some clean hard and sharp 
material well graded in size in order that it 
may completely fill all the voids between the 
aggregate. Sand is frequently obtained from 
the process of crushing the aggregate from 
large blocks of stone, and all the small stuff 
that will pass a 3/16 in. mesh is usually classed 
as sand. The bulk of the sand grains should 
be between 1/16 in. and $ in. in size with a 
small proportion of larger and smaller stuff. 
Sand is also frequently found in natural 
deposits. The sand should always be graded 
and measured separately to the aggregate, as 
otherwise there is no guarantee that they are 
in the correct proportions, and probably differ- 
ent batches of concrete will vary considerably 
in composition. If sufficient sand be used to 
fill up the voids between the aggregate, and 
just enough cement added to fill up the inter- 
stices in the sand, a much smaller amount of 
cement is needed than if the sand be omitted, 
and a stronger and more impervious concrete is 
obtained. Old mortar reground should never 
be used as sand for concrete, as it may contain 
impurities and even a small amount of un- 
Slaked lime which will blow and cause 
expansion and cracking. Old bricks ground up 
for sand are similarly unreliable, due to the risk 
of having old mortar still adhering to them. 

Portland Cement.—In the early part of the 
19th century a great demand arose for a reliable 
hydraulic cement due to the amount of engi- 
neering work in hand then. Several people in 
this country experimented to make an artificial 
mixture of limestone and clay, and the person 
usuallv credited with the invention of Portland 
cement just over тоо years ago is Joseph Aspden 
of Leeds. 

Chemical Composition. The chemical 
composition of Portland cement may vary be- 
tween narrow limits due to the nature of the raw 
materials used, but the following ranges cover 
all cases: Lime, 60 to 67 per cent.; silica, 19 
to 27 per cent.; alumina and ferricoxide, 7 to 
14 per cent. ; and average figures would be lime, 
65 per cent.; silica, 214 per cent.; alumina and 
ferricoxide, 93 per cent.; water, impurities, 
insoluble matter, &c., 4 per cent. 
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The writer has said nothing about the 
manufacture of Portland cement, but wishes to 
emphasise that it is a very scientifically manu- 
factured material, and nowadays is so carefully 
watched and frequently tested at ail stages of its 
manufacture by highly skilled chemists that the 
resulting product is of the highest uniform 
quality. In the last few years other cements 
than Portland have been put on the market for 
special purposes, such as white cement, rapid- 
hardening Portland cement, and aluminous 
cements. 

White Cement.—White cement differs from 
Portland cement mainly in the fact that the 
terric-oxide has been removed, thus eliminating 
the characteristics grey colour of Portland 
cement. This, unfortunately, is an expensive 
process, and at present is not done in this 
country, so ‘‘white’’ cement has to be imported. 
This material is used for surface work, as in 
artificial stone, rough-cast, &c., as it enables 
any colour of finish to be obtained by the 
addition of appropriate colouring matter. 
Portland cement can be coloured, but the result 
is much deader than when * white ’’ cement is 
used. With white cement any natural stone 
colour can be obtained. 

Rapid-hardening Porlland Cement.—Rapid- 
hardening Portland cement is a true Portland 
cement of practically the same analysis, but it 
is ground very much finer, and this process 
adds slightly to the cost, say about 15 per cent. 
The only difference in the chemical analysis is 
a slight decrease in the silica content and a 
corresponding increase in the alumina, and a 
typical analysis of a rapid-hardening Portland 
cement would be: Lime, 65 per cent.; silica, 
20 per cent.; alumina and ferric-oxide, 11 per 
cent.; water impurities and insoluble matter, 4 
per cent. In a Portland cement the aluminates 
of calcium (i.e., alumina and lime compounds) 
produce the earlv hardening, while the silicates 
of calcium (i. e., silica and lime compounds) pro- 
duce the steadilv increasing strength. It can 
thus be seen why rapid-hardening Portland 
cement, with its slightly greater alumina 
contents, hardens more rapidlv. 

Aluminous Cement.—Aluminous cement, as 
its name indicates, goes much further in making 
use of this property. It is not a Portland 
cement at all, but is made from limestone and 


“ 


bauxite, ап aluminous mineral. The chemical 
proportions are altogether different to Portland 
cement. The lime is now about 39 per cent. 
instead of 65 per cent., silica 8 per cent. instead 
of 214 per cent., alumina and ferric-oxide 51 
per cent. instead of 93 per cent., and remaining 
items 2 per cent. instead of 4 per cent. Alumin- 
ous cement, as may be expected from a 
consideration of its composition, hardens verv 
rapidly, more so than rapid-hardening Portland 
cement, but does not increase in strength so 
quickly afterwards. Aluminous cement is 
relativelv expensive, almost twice the cost of 
Portland cement, because very little bauxite is 
obtained in England, and this has to be 
imported, mainly from France. The name 
adopted almost universally in England for 
rapid-hardening Portland cement is “ Ferro- 
crete," whilst the best known aluminous cement 
is“ Ciment Fondu,” the name given to it in 
France, whilst the best known English brand 
is“ Lightning " brand. 

Advantages of Rapid-hardening Cements.— 

These newer cements therefore overcome what 
has been one of the principal disadvantages of 
Portland cement concrete, namely, the long 
period of waiting for the concrete to set 
sufficiently hard, and the consequent tieing up 
of expensive formwork and scaffolding. These 
newer cements effect a considerable saving of 
time and money in freeing the formwork much 
more quickly, so that it can be taken down, re- 
erected and used again more frequently. Where 
Portland cement concrete takes 28 days to 
mature before full loads can be applied, 
Ferrocrete takes only three days and aluminous 
cement one dav. In addition Ferrocrete or 
aluminous cements give a permanent strength 
at least so per cent. higher than Portland 
cement. It is possible, therefore, to use less of 
these cements to obtain an equal strength with- 
out losing anv of the rapid-hardening properties. 
Without doubt Ferrocrete will displace Portland 
cement more and more for almost all work, but 
aluminous cement is hardlv likelv to be used 
except for special cases on account of the extra 
expense. "There is one point against the latter 
cement, and that is that it must be kept entirely 
apart from Portland cement and never used 
along with it, as Portland cement dilutes the 
former and removes from it all its rapid- 
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hardening qualities. On the other hand, 
Ferrocrete is not affected by Portland cement, 
in fact, it is merely Portland cement of 
superior make. Aluminous cement is darker in 
colour and makes a darker concrete. Figs. 1 
and 2 show the strength comparisons of the 
three cements with sand (tensile), and 1-2-4 
concrete in comparison with Portland and 
Ferrocrete. 

There is a further point in favour of both 
Ferrocrete and aluminous cements, and that is 
that concrete made of these is much less affected 
by frost: (1) The concrete hardens so quickly 
that frost cannot affect its initial set; (2) the 
setting of these cements is accompanied by a rise 
of temperature which resists the frost. These 
cements resist the action of sea-water and acids. 

Size of Aggregate. Having considered the 
types of aggregate sand and cement which, 
together with clean water, constitutes the 
components of concrete, the next thing to 
consider is the size of the aggregate and the 
relative proportions of the aggregate sand and 
cement for the concrete required. In ordinary 
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mass concrete for foundations, stones up to 3 
inches diameter can be used; but for walls, 
floors, columns and reinforced work generally, 
nothing exceeding ? inch should be used. 
Proportions to eliminate Voids. — It is 
desirable to test the voids in the aggregate and 
sand it is decided to use before settling the 
relative proportions. A simple way of doing 
this is to take the watertight vessel of known 
capacity and fill it flush to the surface with the 
selected aggregate, and then fill up with water. 
The water aaded represents the volume of sand 
required to fill the voids in the aggregate. The 
sand can be tested in a similar way; but it 
should be noted that both the aggregate ani 
sand should be well wetted before the test is 
made, or some of the water will be absorbed. 
In practice the average percentage of voids 
in the aggregate is found to be about 40 per 
cent., and about 10 per cent. excess sand is 
usually added, making so per cent. in all. 
Similary the voids in the sand are found to he 
40 per cent. in average cases, and aading 10 


per cent. excess cement we again get so per 
cent. Thus the well-known proportion of 
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4-2-1 is arrived at, i.e., 4 parts (by volume) 
aggregate and 2 parts sand to г part cement, 
and this in average cases gives a good compact 
concrete. However, if the aggregate contains 
a greater percentage of voids, it is necessary 
to add more sand and cement to obtain a 
compact concrete. А perfectlv graded concrete 
may easily be stronger at 6-3-1 than a badly 
graded one made. 4-2-1. Thus it pays to test the 
voids. It should be pointed out that 4 parts »f 
aggregate, 2 of sand and 1 of cement, do not 
give 7 parts of concrete, but only about 15 per 
cent. to 20 per cent. greater bulk than the 
aggregate alone, as the sand and cement are 
practically lost in filling voids. 

Water.—One of the most important points 
affecting the final strength of the concrete is 
that of the correct amount of water used in the 
mix. The golden rule is to use as little water 
as possible consistent with providing sufficient 
io wet all the cement, and permit it to be 
thoroughly mixed with the other materials. The 
result of too much water is to slow the setting 
action and reduce the ultimate strength, besides 
giving rise to other troubles. |The excess 
water ultimately evaporates and is replaced by 
air, thus forcing air voids. Too much water 
helps to cause contraction cracks. Sufficient 
water, however, must be provided to give perfect 
hydration of all the cement, and to permit the 
concrete to be placed into its position in the 
formwork. Thus the more elaborate the form- 
work and the more complicated the steel 
reinforcement the wetter must be the mix, and 
the wetter the mix the more rodding and 
tamping will the concrete require to consolidate 
it and force out all air bubbles, &c. Fig. 
3 shows the loss of strength due to excess 
water. 

Mixing. — Mixing, then, must be very 
thorough, and can be done either by machinery 
or by hand. If the former, а batch and not 
a continuous mixer should be used. The 
materials are measured by volume, placed in the 
mixer, which rotates, and the correct amount of 
water added. These machines give very uni- 
form results, but the cost is justified only when 
there is a large amount of concreting to be done. 
The common method for small jobs is hand- 
mixing. In this the materials are measured on 
a mixing board or impervious surface, such as 
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flags or concrete—never on the natural ground. 
The materials must be well mixed in a drv 
state bv turning over the heap twice, then add 
water through a rose, and turn over the mass 
at least twice in a wet state until the concrete 
has assumed a uniform grey colour. The 
concrete should be mixed as close as possihle to 
its final position and laid at once. It must he 
in position before any setting takes place, t.e., 
within thirty minutes of the water being added. 

Slump Test.—A modern and quite useful test 
for ensuring uniformity of mix is known as the 
slump test, and this is worth describing in 
detail, as this matter is much too important to 
be left to the personal whims of either the 
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foreman or men mixing the concrete. When 


a person designs any building he assumes the 
materials will have a certain strength, and 
on that assumption provides a certain cross- 
section for each member. In the case of steel, 
timber, &c., he can rely more or less on certain 
strengths, but in the case of concrete he is 
at the mercy of those who make it on the job, 
and herein lies the chief difference between 
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concrete and other materials. The apparatus 
required for the slump test is very simple, and 
consists of a sheet-metal truncated cone with 
open ends, 12 inches high, tapering from 8 
inches diameter at the base to 4 inches diameter 
at the top, and fitted with two handles at the 
sides. To make the test, concrete is taken from 
any mix on the board and filled into the metal 
box 4 inches at a time, and rammed at each 
stage twenty-five times with a rod } inch in 
diameter. After the box is filled the top surface 
is struck off level and the box lifted carefully 
away from the board. The concrete that was 
enclosed then settles down to an extent depend- 
ing on its wetness. The wetter the mix the 
further it slumps (i. e., settles down). The 
amount the concrete has settled is measured, 
and this is called the slump. А dry mix will 
only settle 4 inch to 1 inch, but a sloppy mix 
may settle as much as то inches. For mass 
concrete, or in sections easy to lay, a slump of 
2 inches should be adopted. In more complica- 
ted work and thin vertical sections as great a 
slump as 6 inches may be required, but 3 inches 
or 4 inches is a good average. In any case 
the designer can settle what slump he intends to 
work to, and this test enables the workmen to 
check the mix at frequent intervals, preferably 
with each batch. If one batch is too wet the 
next can have less water, and so on. 

Depositing in Position. — Concrete when 
mixed must be carefully placed in position, not 
tipped from a height, as this causes the cement 
and aggregate to become separated. It must 
be well tamped or rammed to consolidate it, 
and worked well into position and round any 
reinforcement. 

Fire Resistance.—From the point of view of 
fire resistance concrete is an excellent material, 
provided a suitable aggregate is used and a 
sufficient thickness of cover provided to all 
embedded steel. Concrete of which the aggregate 
is coke breeze or broken brick resists fire best ; 
limestone is not good, sandstone and gravel are a 
little better, but the gravel should be crushed ; 
granite does not act well and is apt to splinter. 
A small aggregate is better than a large one for 
fire resistance.. 

Reinforcement. — The general principles of 
reinforced concrete, i. e., the reason for 
embedding steel in concrete have been stated 


earlier. The principal material used for 
reinforcement is mild steel in plain round rods. 
This is steel with an ultimate strength of, say 
28 to 32 tons per square inch. Other steels of 
higher tensile strengths such as medium carbon 
steel, cold twisted steel, and drawn steel wire, 
are also used, and are usually calcuated :o 
resist stresses about 25 to 50 per cent. higher 
than mild steel. Drawn-steel wire is usually 
used in the form of a built-up fabric such as 
B.R.C., &c. Before it is used in concrete the 
metal must be clean and free from scale or 
loose rust, and must not be tarred, oiled, or 
painted, as oil or paint, &c., reduce the adhesion 
between steel and concrete. 

The greatest care must be exercised to see that 
all reinforcement is placed exactly in the 
position indicated by the designer, and that it 
it not disturbed during concreting. If it is not 
in the form of built-up fabric it must all be tied 
together and carefully checked before concreting 
is commenced. 


DESCRIPTION OF VARIOUS USES. 


Some of the uses to which concrete is put 
will be briefly described with suggestions as 0 
the best average proportions of the materials and 
the most suitable consistency under the slump 
test. Only average proportions are suggested 
as each aggregate should be tested to find the 
best grading, but for some uses a richer cement 
content is needed than for others. Similarly 
the values for slump are governed by the main 
rule that for strength the mix should be as drv 
as possible; but the rule has to be waived 
sufficiently to obtain a mix wet enough to flow 
into its position. Thus plain mass work can 
be very dry, but thin confined sections must be 
wettest. 

In building work one of the first uses ef 
concrete is in the construction of foundations 
and walls. Every wall should rest on a founda- 
tion of greater width than itself in order ro 
spread the weight over as great an area as is 
required by the carrying power of the earth. 
The greater the weight the wider must be the 
foundations. [n simple cases on good ground 
a plain mass foundation about 12 inches wider 
than the wall is sufficient, but if the ground is 
so weak as to need a much greater spread, 
the advantage of concrete is that the foundation 
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can be increased and reinforced to stand the 
bending stress on the projections. In brick- 
work or masonry this would necessitate 
gradually spreading footings on top of the 
foundation. With a concrete foundation the 
wall can rest directly on it, thus economising 
in walling. If the ground is very weak, 
sometimes the best solution is to build the 
bottom floor as a reinforced concrete raft, so 
distributing the weight over the whole site. In 
other cases piles driven well into the ground 
can be used and the building erected on these. 
Slump for plain foundations, 2 inches; 
reinforced, 3 inches; proportions of aggregate 
sand and cement 6-3-1, or 8-4-1 if plain, but 
4-2-1 if reinforced. 

Walls.—Concrete walls can be used for build- 
ings and for enclosing ground. Solid walls are 
usually adopted for boundary or retaining walls, 
dams, &c., whereas hollow walls are more 
usually adopted in buildings on account of the 
greater resistance of hollow walls to weather 
and temperature changes. Concrete walls are 
stronger than brick walls of the same thickness. 
Concrete walls can be built of pre-cast blocks 
walled like brickwork or be cast in situ. Much 
ingenuity—some of it wasted—has been devoted 
to the design of concrete blocks, especially in 
connection with housing, but the principal aims 
have been to provide a block with the following 
properties: (1) The block to be hollow with 
as large a cavity as possible, to save material 
and weight in handling; (2) the outer face to 
be impervious to the penetration of wet, and the 
inner face to be sufficiently porous to absorb 
condensation like plaster. Inner face often of 
coke breeze, into which nails can be driven; 
the outer face is often moulded to represent 
stone. There are numerous machines for 
block-making. 

For dam walls concrete is almost invariably in 
mass form similar to masonry, though some- 
times it is used as a core and faced with stone. 

For walls to retain earth, however, it is more 
economical to use thin reinforced sections with 
a broad base or foundation projecting back 
under the earth. The earth resisting on this 
then helps to prevent the wall being pushed 
outwards and overturning. Counterforts at 
intervals connect the base to the front wall. 
This construction is only possible in concrete. 


Slump for blocks, 1 inch to 2 inches; mass 
walls, 2 inches thin reinforced walls, 6 inches. 
Proportions, 6-3-1 for mass walls, 4-2-1 for 
reinforced work or blocks. Boundary walls 
can be left with surface rough to enable creepers, 
&c., to cling to them, and so improve the 
appearance. Corrugated iron as centering will 
give a flutted appearance to relieve the monotony 
of long unbroken surfaces. 

Floors.—These can be laid either on the solid 
ground or suspended like wooden floors, and 
the suspended floors can be solid or hollow. 
In all suspended floors reinforcement must be 
used and so disposed as to take up the tenstile 
stresses. Roughly it may be stated that 
reinforcement must be placed at the bottom of 
all beams and slabs except over supports, where 
it must be on the top. In beams steel must be 
provided to resist shear stresses, but this is not 
necessary in slabs. Even floors on the solid 
are better reinforced, preferably with a light 
built-up fabric reinforcement, and this need not 
increase the cost. A 4-inch floor reinforced 
with a light fabric is as cheap as a 6-inch plain 
floor, and much less likely to crack. 

Suspended floors in this country are usually 
of the beam and slab type, but in America 
the flat slab, or mushroom type, is more 
generally used. The reinforcement of this is 
much more complicated, but the resulting flat 
ceiling is of great benefit as regards lighting 
and resistance to fire. Hollow floors can be of 
many types, principally consisting of reinforced 
beams at close intervals, supporting hollow 
blocks of tile or concrete. Slump, 2 inches to 3 
inches in slabs, 3 inches to 4 inches in beams. 
Proportions, 4-2-1 or 3-13-1. 

Flat Roofs.—Flat roofs formed similarly to 
floors, and usually water-proofed with rock 
asphalt or something similar. In factories the 
flat roof is sometimes used as a water tank. 

Pitched Roofs.—The whole of the roof can 
be of concrete. Trusses, purlins, &c., can 
either be pre-cast and hoisted to position or 
cast in situ. The roof slabbing can be cast 
in situ, but pitches steeper than 25 degrees 
entail double shuttering, i.e., top as well as 
bottom, to prevent the concrete slipping, and 
then cease to be economical. Roofing slabs or 
tiles, however, can be pre-cast at a very 
economical figure. Ceilings can be flat or 
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curved. Slump for trusses, &c., 5 inches or 6 
inches; slabs, 2 inches or 3 inches. Propor- 
tions, 4-2-1 or 3-13-1. Tiles, &c., 3 sand to 
I cement. 

Stairs.—Stairs can be made of concrete, either 
pre-cast or in situ, and reinforced. These are 
usually provided with non-slip treads. Slump, 
3 inches. Proportions, 4-2-1. 

Roads, Paths, and Pavings.—These can be 
constructed entirely of concrete. In the case of 
roads in towns concrete is frequently used for 
the foundation even where the actual surface 
is composed ef other materials such as setts, 
asphalt, tarred macadam, wood blocks, &c., but 
there is no reason why the surface itself should 
not be of concrete. In America thousands of 
miles of concrete roads are in use. The follow- 
ing are the requirements of a good road: (1) 
It must be hard, firm and have a long life; (2) 
it must offer low resistance to wheel traffic; (3) 
it must be dustless and easy to clean; (4) the 
surface must be even but not slippery; (5) it 
must not be affected by climatic conditions; (6) 
the first cost must be reasonable and the 
maintenance low. Concrete most nearly 
satishes these conditions. The usual construc- 
tion is (1) a layer of balder or broken stone; 
(2) 8 inches to 12 inches of concrete plain or 
reinforced according to the nature of the ground. 
The road should be laid in short sections with 
elastic joints in order to avoid cracks that would 
occur if laid in long continuous lengths. 4-2-1 
is a suitable proportion, and 2-inch slump is 
wet enough. Paths and pavings are built 
similarly, but with less depth of concrete, say 
3 inches or 4 inches. A finishing coat of 1-3 
Portland cement and sand, 1 inch thick laid 
on top before the first coat has set. This is 
important, as, if the foundation is allowed to 
set before the top coat is applied, there may he 
a poor bond between the two. When laid the 
surface must be protected from the sun or wind 
and left damp for some days to assist hardening. 
Verv little camber is needed. Concrete curbs 
and channels can be used in substitution for 
stone on any kind of road. 

Farm and Estate Work.—Farm and estate 
work offer and provide many opportunities for 
the use of concrete. Apart from the floors, 
walls, and roofs of buildings, and road, &c., 
already dealt with, concrete can be used with 
advantage for the following: Water tanks and 


cisterns, water troughs, feeding mangers, stall 
divisions, piggeries, fencing posts, and many 
other things. One reason for the wider adoption 
of the material is that much of it can be done 
without specially skilled labour; thus any 
surplus labour on the farm can be employed to 
make concrete blocks, fencing posts, &c. 

Sewers, Water Mains, &c.—These can be 
made of concrete, and can either be laid in 
situ or pre-cast. Many firms specialise in 
making concrete pipes of all sizes, both round 
and egg-shaped. Up to 18 inches diameter, 
no doubt, concrete drains are more expensive 
than earthenware, but are stronger. They can 
be laid with unbroken joints inside. Mix needs 
to be fairly rich, and slump 6 inches or 7 
inches. 

Reservoirs, Water Tanks, &c.—Concrete is 
useful for the storage of water in reservoirs and 
swimming baths, and also in elevated tanks. 
Floors and walls can be quite thin, but need 
reinforcing. Fine materials, such as 1, 2 or 3 
Portland cement and sand or fine gravel graded 
to form a dense concrete. Concrete can be 
made waterproof or lined with asphalt, &c. 

Silos and Coal Bunkers. — Silos and coal 
bunkers, for storage of grain and coal, &c., are 
made of concrete. Same rules as for elevated 
water tanks. 

Chimneys. 
tanks. 

Bridges.—Arched, solid, or latticed girder 
have been made up to 300 feet or 400-feet spans, 
although the latter are somewhat rare. The 
upkeep expense is practically nil. 

Harbour Work.—Wharves, piers, break- 
waters, sea walls, floating docks, ships, &c. 
(latter up to 7,000 or 8,000 tons). 

Railways.—For fencing posts, telegraph and 
signal posts sleepers, and even for bodies of 
trucks abroad. 

Mines.—Used for sealing shafts, &c., and 
other uses. 


Same rules as for elevated water 


CONCLUSION. 


In conclusion, it is hoped the Paper may have 
proved of some interest by indicating the value 
of concrete as a building material for surveyors, 
as well as architects and engineers. It is 
equally suitable for use in small jobs as in large 
engineering works, and its possibilities have 
not yet been fully explored. 
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PORTISHEAD 


HE completion of the new Portishead 
Radio Station in February, 1928, marked 
the passing of the first Post Offce Radio 

Station equipped with a continuous wave trans- 
mitter, namely, at Devizes. 

The Devizes Radio Station, which was origin- 
ally intended as a receiving station in the 
England-Egypt link of the Imperial Chain (the 
masts only had been erected when the scheme 
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was dropped) was equipped in тото with a 
Marconi 6 K.W. continuous wave valve trans- 
mitter for long distance ship and shore traffic 
mainly in the Atlantic. The plant comprising 
engines, batteries, transmitter and receiver were 
housed in existing Army huts. 

In t924 the Burnham Receiving Station was 
completed and in 1925 a second transmitter was 
installed at Devizes. Burnham then became the 
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receiving station and Devizes the transmitting 
station, control of the latter being carried out 
from Burnham. In 1926 the erection of a new 
transmitting station at Portishead near Bristol 
was authorised. As far as possible the design 
and installation of the plant was carried out by 
Post Office Engineers. The masts, power plant 
and transmitting plant were supplied by various 
contractors to P.O. design or specification, 
whilst the aerial and earth systems апа all 
internal wireless plant were designed and in- 
stalled by P.O. staff. 

The plant at the new station consists of three 
tuning fork controlled transmitters fitted with 
coupled circuits, one taking 25 K. W. input (to 
the main transformer) and the other two, 6 K.W. 
input as compared with two 6 K. W. sets at 
Devizes. The sets were designed to give day- 
light ranges over sea of 1500-2000 miles, with 
increased ranges at night, but in practice these 
ranges are frequently exceeded and а regular 
schedule of working is maintained at night with 
ships just leaving New York harbour. 

Site.—Burnham Radio Station, the receiving 
station. for C.W. ship and shore traffic, is 
situated twenty-five miles south west of Bristol 
and it was desirable therefore that the trans- 
mitting station. replacing Devizes should be 
located near Bristol, but not less than 20 miles 
from Burnham. Portishead fulfils these con- 
ditions and since it overlooks the Bristol Channel 
it is ideally situated for its purpose. 

The station which is located one mile from 
Portishead and about nine miles from Bristol on 
a main road and telegraph route from Portishead 


to Clevedon, Weston-super-Mare and Burnham, 
stands on a stretch of down land 360 feet above 
sea level. 

Masts, Aerials, ete.—A site plan is shown in 
Fig. 1 indicating the lay-out of the masts, build- 
ings, etc. The design of three aerial systems in 
close proximity and excited on frequencies only 
a few kilocycles removed from each other neces- 
sitated a careful lay-out of masts and aerial 
systems in order to avoid interference and a 
reduction in efficiency. This has been done by, 
firstly, removing the 25 K. W. aerial as far as 
possible from the two 6 K.W. aerials and by dis- 
posing the last two approximately at right 
angles, and, secondlv, bv keeping each lead 
down as far apart as possible, the connections 
from the lead down to the building being dis- 
posed so as to reduce the coupling between them 
as far as possible. 

The three aerial svstems are supported fron: 
four 300' masts of semi self-supporting tvpe 
equipped with only one set of stays. They аге 
of lattice steel construction, the cross section 
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being eight feet square, and are designed for a 
horizontal pull of four tons. They were manu- 
factured by the IIorsley Bridge Engineering 
Co., Ltd., and were erected on site by Messrs. 
C. F. Elwell. A good idea of the lay-out and 
construction is given in Figs. 2 and 3. 

Each aerial system is of sausage type and con- 
sists of six 7/14 silicon bronze wires on 6 ft. 
hexagonal spreaders. The spreaders are carried 
on a steel cable which takes the main strain on 
the aerial. The wires are bunched round 4" 
diam. rings for the lead down, in order to reduce 
inductance variations and to reduce coupling 
between the three systems. The lead downs are 
anchored to short lead in towers and from these 
towers they are led into the transmitting build- 
ing. 

The earth system is common to all three trans- 
mitters and consists of wires buried over practi- 
cally the full area of the site. 

Power Supply.—Power supply is obtained 
from the North Somerset Power Supply Com- 
pany at 400 volts 3 phase 50 cycles per second 
and is brought on to the main switchboard (in- 
stalled by Messrs. Drake and Gorham Limited) 
shown in Fig. 4, from which it is distributed to 
the transmitters and auxiliary machines. The 
main and filament transformers of each trans- 
mitter are fed direct from this supplv and thus 
rotating machines are needed for auxiliary sup- 
plies only. To eliminate delays in starting and 
stopping the transmitters these auniliaries are 
kept running continuouslv, and in order to main- 
tain continuity of supply they are supplied in 
duplicate. 
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These auxiliaries consist of : — 

(1) Motor-generator. sets. for. the supplies 
to the Tuning-Fork Control Units, all 
four units being fed from one set. 
Each set consists of an induction moter 
and three D.C. generators, giving 6-10 
volts for filament supplv, 1200 volts 
for anode supply and 400 volts for grid 
bias on the main stages. 

(2) . 3 Н.Р. Blower provides air blast for 
the silica valves of all three trans- 
mitters. 

The small amount of running machinery is 
Clearly brought out in Fig. 5, which shows the 
auxiliary machine room. 

Transmitting Plant.—The transmitting plant 
consists of three tuning-fork controlled trans- 
mitters, fitted with coupled circuits and capable 
of being adjusted to operate on frequencies be- 
tween 100 and 150 kilocycles. The working 
frequencies are actually 121, 143 and 149 k.c. 
for the 25 K.W. and 6 K.W. sets respectively. 
Thus it will be seen that the frequency difference 
between the 6 K. W. sets is only 6 kilocvcles or 

% of the actual frequency. Such a small 
difference in frequency necessitates a very care- 
ful design both of the transmitting plant and 
aerial systems, in order to avoid interference be- 
tween the transmitters by either forced excitation 
or shock excitation due to keying. The ex- 
perience gained on multiple station working at 
Northolt and Devizes enabled this to be accom- 
plished satisfactorily with very little reduction 
in efficiency. 

The general lay-out of the transmitting room 
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is illustrated in Fig. 6, which shows the Tuning- 
Fork Units on the left front, the Power Switch. 
board bevond, the three transmitters on the 
right and the landline and control apparatus in 
the centre. The staff needed to handle such 
plant is small; each shift consists of two men, 
one at each table, and these men can easily 
handle the whole of the apparatus. 

Tuning Fork Control Units.—The design of 
three transmitters working on frequencies very 
close together naturally made the interchange- 
ability of. portions of the high frequency. plant 
a feasible proposition. It was decided therefore 
to separate the Tuning-Fork Control Units from 
the remainder of the transmitter and to mount 
them on a separate frame. The complete frame 
and distribution panel, Fig. 7, are mounted at 
one end of the transmitting room and the outpur 
of these units, which provides the excitation to 


Fic. 7.—T.F. ENCLOSURE. 


the power amplifiers, is distributed from a panel 
in the centre. Four T.F. Units are provided, 
one spare, and are so arranged that апу one unit 
and its controls can be associated with апу one 
transmitter. X description of the tuning-fork 
unit is contained in an article by Lt.-Col. A. G. 
Lee, O. B. E., XI. C., in the Electrician for ist 
May, 1925. The present units shown in Figs. 
7 and 8 were designed and manufactured in the 
workshops of the Radio Section at Dollis Hill 


Fic. 8.—T.F. Umir. Rear View WITH COVERS. REMOVED. 


and represent a very considerable advance on the 
early models. Each unit consists of two copper 
screening boxes mounted one above the other, 
each box having four compartments which are 
completely screened from one another. The 
apparatus is mounted on the front panels, the 
connections between the stages in the various 
compartments being made by means of knife 
switch contacts mounted on the panels and 
boxes. Thus each stage can be easily removed 
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for examination, testing and repair if necessary. 
Mechanical interlocking arrangements аге 
fitted so that (т) no panel can be removed unless 
the 1200 volt supply has been switched off, and 
(2) this supply cannot be switehed on unless ail 
panels are in place. The bottom right hand 
panel is an instrument panel for the reading of 
filament voltages and of the valves in the various 
stages, anode voltages and currents. The out- 
put circuit is fitted on the right hand top panel. 


applied to the grid of the ist power amplifier. 
Changes in frequency can be secured (a) by 
varving the frequency of the tuning fork itself 
by means of screws inserted in the prongs or (b) 
by selecting a different harmonic on either. the 
ist or 2nd multiplication. Except for one or 
two particular frequency changes, the frequency 
of a T.F. Control Unit is not varied in practice. 

Power Amplifiers. —The arrangement of the 
power amplifiers is shown in Figs. 6 and 10. 
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The wiring of a tuning fork unit is shown in 
lig. 9. There is a double multiplication of 
frequency in each set; for example, one tuning- 
fork controlled oscillator operates on 1833 cycles 
and after the wave form of this oscillation has 
been distorted by rectification, the 6th harmonic 
(11,000 cycles) is selected and amplified. This 
oscillation is then distorted and the 11th or 13th 
harmonic (121 or 143 kilocycles) selected and 
amplified. This amplified oscillation becomes 
the output of the tuning-fork unit and is then 


The main transformer, rectifying valves and 
smoothing circuits are mounted at the back, the 
main amplifying valves on the left hand side 
and the 1st power amplifving valve on the right. 
An instrument panel fitted in the front centre 
gives readings of the currents, etc., in the various 
circuits. The tuned circuit of the ist power 
amplifier is fitted behind this panel and the con- 
trol handle for tuning this circuit is brought on 
to the instrument panel, as is also that of the 
aerial circuit variometer. Overload relays, in- 
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serted in the anode supplies fo the power stages 
and arranged to cut off the supply in the event 
of sudden overloads, can be seen in Fig. 10 at 
the bottom corners of the enclosure. 


The main tuned circuits are mounted over the 
amplifier enclosures in order to save floor space 
and to improve the lay-out. Ihe primary and 
aerial coils of each transmitter are disposed at 
right angles, but the primary and aerial coils of 
all three sets are necessarily parallel to cach 
other. “Phe design of coil used by the Depart- 
ment is of pancake construction, and in conse- 
quence the magnetic field is not extensive along 
the axis of the coil but some distance removed 
from it, as would be the case if a long solenoid 
were used. In consequence the coupling be- 
tween the coils of the various transmitters is 
negligible. 

The wiring diagram of one transmitter is 
shown in Fig. II. The circuit employed has no 
special features, in fact, one might say that the 
main developments lie in the design of instru- 
ments, apparatus and lay-out rather than in the 
circuits. 

The transmitters are equipped with glass and 
silica valves and give outputs as under :— 
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TRANSMITTER, - А T А 
сив Me di No. 2 No. 3. its controls and other auxiliaries to that particular 
Power imput 25 N. W. 6 K. W. 6 K. W. transmitter. 

Wave length 2479 metres 2013 metres 2100 metres Landline control of the transmitters is secures! 
э ifl A >W Е EW Е $ A " : Я A 

Rectifying эз Bor Jens BON. qub RW. by means of diplex circuits, one channel being 

Valves silica Type glass УЛ. glass V.T. ы К КР ; T 

V. T. 17 21 21 used for closing the transmitter control circuit 

Main Ampli- 3-2.5 K.W. 1.2.5 KAW. 12.5 R.W. and the other for keying. Simplex circuits only 

fving Valves silica Type silica V.T. silica V.T. OM а "D E : eee 

V.T. 16 10 10 are used, communication with Burnham being 


Acriel 55-60 amps. 28-30 amps. 28-30 amps. maintained by means of a direct telephone line; 
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lic. 12.—Transmitter CONTROL CIRCUIT. 
Transmiller. Control.—Vhe transmitters may this arrangement materially speeds up circuit 
Е S . 
be controlled locally or by landline from Burn- changes, etc. 
ham through a series of control relays. The Keying is effected by means of a Creed line 
last of these relays closes a 240v. А. C. circuit relay or Standard B, operated from a Standard В 
and operates contactors which make the T.F. inserted in the line. This relay short circuits the 
supply, main and filament supplies to the output from the tuning fork controlled oscillator. 
particular. transmitter, provided that the local See Fig. 9. 
contacts on all protective devices are made. The It is pleasing to record that the results 
control circuits in which these protective devices obtained at Portishead are considerablv better 
are inserted are shown in Fig. 12. The sockets than those obtainable at Devizes. The aerial 
shown on the bottom right hand corner are current for a 6 K.W. transmitter has been in- 
fitted on the Tuning-Fork Control Panel (Fig. 7) creased by 50-100%, representing a three to four- 
from which the output of the T.F. Units is dis- fold increase in overall efficiency and the time 
tributed. The plugging-in of a particular F. F. lost in starting up a transmitter has been reduced 


Unit on to a transmitter automatically transfers from about 45 seconds to te seconds. 
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This saving in starting time appears small, but 
since a transmitter may be started up as many as 
a hundred times a day, the saving becomes a real 
one. Further, if the starting-up of a transmitter 
is a lengthy operation the tendency is for the 
receiving station to keep the transmitter running 
in the interval between messages in order to save 


delay when traffic comes to hand. The shorten- 
ing of the starting-up period has reduced this 
tendency very considerably. Lastly, increased 
communication facilities between the transmit- 
ting and receiving stations have enabled the two 
stations. to. co-operate more effectively for the 
improvement of the service. 


ANNUAL REPORT ON POSTS AND TELEGRAPHS, 
FEDERATED MALAY STATES FOR YEAR 1927. 


ELIEGRAPHS.—During the year 474,205 
T telegrams were despatched and 506,248 
were delivered, being an increase of 8,740 
in the telegrams despatched and a decrease of 
3,274 in those delivered. The revenue derived 
from telegrams was $498,431, of which $305,958 
is included in the stamp sales. The revenue 
shows an increase of $42,852 as compared with 
1926. The value of telegrams sent free of charge 
for other Government departments was $59,554, 
an increase of $8,217. 

Wheatstone high-speed telegraph apparatus 
was installed in the Kuala Lumpur and Ipoh 
Post Offices during the year and proved of great 
assistance in disposing of telegraph traffic be- 
tween the Federated Malay States and the Straits 
Settlements. 

Telephones.—Vhe number of subscribers to 
the telephone svstem on the 31st December, 
1927, was 4,003, an increase of 553 as compared 
with 19260. In addition there were 1,571 exten- 
sion lines, extension bells, private circuits, 
private bell or alarm circuits and tell-tale clock 
circuits maintained by the department, as com- 
pared with 1,598 in 1926. 

The revenue derived from telephones was 
$1,062,562, an increase of $158,051 over 1926. 
The trunk revenue amounted to $317,380, an in- 
crease of $40,127 as compared with the previous 
year. 

Four new public telephone exchanges were 
opened in the course of the year, and on gist 
December, 1927, there were 46 public exchanges 
in the Federated Malay States. 

Public call boxes are available at 83 post 
offices. 

On 31st December, 1927, there were 41 appli- 


cants awaiting connection to the telephone 
system ; these were very recent applications. 
The average number of originated calls per 
direct exchange line per day was 12.3, an in- 
crease of about 2.5 per cent. compared with 1926 


(which should have been given as 12.0 not 12.3). 


The average total numbers of originated calls 
per day throughout the Federated Malay States 
during the year were: — 


Local calls ... Jos 40,200 
(increase over 1926, 10%) 

Junction calls - 1,000 
(increase over 1926, 39%) 

Trunk calls E ae 4,500 
(increase over 1926, 17.2%) 

Total originated calls per day ... 45,700 


(increase over 1926, 17.6%) 


The approximate total originated telephone 
traffic during the year was as follows : — 
Local calls 11,738,400 


Junction calls 292,000 
Trunk calls 1,314,000 

Total originated traffic 
during 1927 13,344,400 


Development studies were made in a large 
proportion of the Federated Malay States Tele- 
phone Exchange areas during the year for the 
purpose of estimating equipment and plant re- 
quirements. 

The preliminary traffic investigations in con- 
nection with the design of the new Kuala 
Lumpur Exchange building were completed 
during the year. 
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With regard to the question of“ party line "' 
working—referred to in para. 51 of ту pre- 
decessor's report for 1926—arrangements were 
made during the year for the installation of a 
Rural automatic unit." The equipment is 
not, however, expected to arrive before the 
middle of 1928. 

Engineering.—On 31st December there were 
2,602 miles of telegraph and telephone lines and 
21,716 miles of overhead wire in the Federated 
Malay States, of which 18,483 miles were tele- 
phone wires. In addition there were 102 miles 
of underground cables containing 9,908 miles of 
wire single line. "These figures do not include 
the poles and lines maintained by the Railwav 
Department for their own use. The Posts and 
Telegraphs Department also owns and main- 
tains 123 miles of line and 606 miles of wire in 
Johore. It also maintained in 1927 one and a 
half miles of pole line fer Kedah, 847 miles of 
vire for Johore, and 24 miles of pole line in the 
Dindings. 

The erection of trunk lines involved heavy 
work of construction in practically all parts of 
the country. The progress of new work in 
Pahang was heavily handicapped by the neces- 
sity for almost a complete reconstruction of the 
whole overhead system due to the damage done 
by the flood. 

Underground cables were considerably ex- 
tended during the year in all parts of the 
Federated Malay States, a total additional length 
of approximately 23 miles of cable, 2,134 miles 
of single wire, having been laid. 

The proposed Malavan Trunk Telephone 
Cable Scheme was, however, abandoned on 
financial grounds both bv the Federal and 
Colonial Governments. The rejection of a 
scheme on which the Engineering Branch had 
spent so much time and labour, and which was 
intended to meet trunk requirements for manv 
years, has left the department with considerable 
leeway to make up as regards the provision of 
adequate trunk facilities between existing ex- 
changes, so that the extension of the aerial lines 
to Singapore will not be practicable in the imme- 
diate future. 

New exchange equipment either additional or 
replacement was installed at Banting, Bentong, 
Fraser’s Hill, Ipoh, Klang, Kuala Lumpur, 
Kuala Lipis, Kuantan, Raub, Seremban, Taip- 


ing and Tanjong Malim. 

At the request of the Governments of Kedah, 
Kelantan and Trengganu, reports were made 
by the Senior Engineer of the department on 
the telegraph and telephone systems in these 
countries. Following on the report furnished 
to Kedah, a detailed scheme for the reconstruc- 
tion of the whole Kedah system was prepared. 

Engineering work was somewhat hampered bv 
the shortage of technically trained Asiatic staff. 
Every endeavour is being made to overcome this 
shortage by training suitable men in a Depart- 
mental Technical School. 

W'ireless.—'Fhirtv-seven temporary licences 
for the use of wireless receiving apparatus were 
issued during the vear and four experimental 
transmitting licences. 

The British official news broadcast from the 
wireless station at Rugby in England, received 
at Penang Wireless Station апа retransmitted 
from Penang by land line for delivery to the 
local newspapers on payment of a monthly tee, 
averaged about 20,000 words a month. 

For the purpose of conducting short wave 
wireless experiments throughout Malaya, two 
l k. W. standard Marconi short wave—C. W. and 
I. C. W. sets were received in October, but owing 
to certain faults in the sets it was necessary to 
obtain various replacements, and these had not 
been received by the end of the vear. It is in- 
tended to fit one of these sets on to a motor-lorrv. 
and from this mobile station carry out experi- 
ments in various parts of the country. The 
development of wireless in Malaya will largely 
depend upon the results of these tests. 

Workshop.—The activities of this branch of 
the department during the vear were unpre- 
cedented. An outstanding feature of the work 
was the number of telephone switchbeard 
sections made and installed. "The on-costs re- 
mained practically the same as in the previous 
vear. 

Stores.— The number of different items stocked 
was 4,180, an increase of 688 as compared 
with 1926. The value of stores issued and 
received in 1927 was $2,657,390, compared with 
$2,183,773 in 1926. Work in the stores was 
greatly handicapped bv inadequate accommoda- 
tion. The need for more space and for the pro- 
posed new store was more strongly felt than 
ever, 
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Postal Franking Machines.—During the year 
postal franking machines were brought into use 
in the Federated Malay States for the first time, 
and revenue collected on this account, which 
would otherwise have been spent on postage 
stamps, amounted to $2,950. 

Co-operative Society.—During the year the 
Federated Malay States Posts and Telegraphs 
Co-operative Thrift and Loan Society Limited 
continued to progress and by the end of the year 
had a membership of 1,091 as compared with 
1,039 on 31st December, 1926, with a total sub- 
scribed capital of $246,165. A dividend of 7 
per cent. was paid on the goth June, 1927, as 
compared with 6 per cent. for the previous year. 

Seven hundred and seventy-five loans totalling 
$198,227 were granted during the period under 
review, making the total loans granted since the 
inception of the society 2,567 in number and 
$617,290 in amount. 

It is of interest to note that whilst the number 
of loans for liquidating debts is decreasing the 
number of loans for buving land and for build- 
ing houses is increasing. During the year 119 
loans for a total amount of $40,518 were granted 
for the purchase of land and for the building of 
houses. 

That the society has proved a boon of great 
ralue to the members is shown by the fact that 
during the vear 388 loans for a total amount of 
$71,466 were granted to members on the security 
of their own subscription credit; such savings 
would not, in the majority of cases, have been 
made but for the existence of the society. 

Employment of Malays.—The policy of giving 
preference to Malays in all branches of the 
department where vacancies occurred was 
followed wherever possible. 

Employment was given to 37 Malays as tele- 


phone operators and 31 Malays were engaged as 
postmen, messengers, peons, mail-runners, etc. 

On the engineering side there were at the end 
of the усаг тт Malay apprentice linesmen and 
nine Malay apprentice or probationer technical 
subordinates being trained at the Departmental 
Technical School. 

Thirteen Malays with suitable educational 
qualifications were also engaged as probationer 
clerks. 

Conclusory.—In its endeavour to give the best 
possible service the department is conscious 
enough that attainment lags behind the ideal, 
but postal shortcomings are not entirely depart- 
mental and the assistance of the public is 
earnestly sought in two directions. There is 
probably no other country-in the world where 
the posting public is so careless about addresses 
as in Malaya; it is the exception rather than rule 
to inscribe on the envelope anything fuller than 
Richard Doe, Esq., Kuala Lumpur." That 
may have been explicit enough twenty years ago, 
but to-day in a town of some hundred thousand 
inhabitants, and spread over some ninety miles 
of roads and streets, it is gravely insufficient. 
Secondly, it should be remembered that English 
not being the mother tongue of the majority of 
our telephone operators, wrong connections are 
as often as not the inevitable result of hurried 
or imperfect articulation on the part of the calling 
subscriber. 

The following table indicates the growth of the 
system :— 


TELEGRAPH AND TELEPHONE SYSTEM. 
Length of Length of Length of Length of 


overhead overhead under- wire single 
line. wire. ground line in 
Year Miles. Miles. cables. cables. 
1907 1,341 3,079 Miles. Miles. 
1017 2,276 11,211 26 2,406 
1027 2,602 21,716 102 9,908 


HE most important happening in the 

world of communications during the past 

quarter is perhaps the report of the 
Imperial Wireless and Cable Conference, which 
was published on the 27th july. Sir John 
Gilmore, Secretary for Scotland, was Chairman 
of the Conference, and Mr. А. M. Samuel, 
Financial Secretary to the Treasury, was the 
other representative of this country. Canada, 
Australia, New Zealand, South Africa, the Trish 
Free State, India and the Crown Colonies and 
Protectorates were represented, and Sir Otto 
Niemeyer and Sir William McLintoch acted as 
financial advisers to the Conference. The 
Eastern Telegraph Coy. and its associated com- 
panies and Marconi's Wireless Telegraph Co. 
had declared their intention of forming a com- 
bined company on condition that the British 
Government, as owner of two Atlantic cables and 
the Beam Radio Stations, and co-partner in the 
Pacific Cable Board, should agree to merging 
their interests with those of the companies. 
After full evidence had been heard and cora- 
munications duly considered the Conference 
recommended as follows :— 

(1) X Merger. Company to be formed to 
acquire as from April rst, 1928, all the ordinary 
shares of the Eastern, Eastern Extension, and 
Western Telegraph Companies, and all the 
ordinary and preference shares and debentures 
(f anv) of the Marconi’s Wireless Telegraph 
Co., Ltd. 

(2) A Communications Company to be also 
formed to which the Cable and Marconi Com- 
panies will sell as at April 1st, 1928, all their 


communication assets in exchange for shares. 
The Communications Company will, therefore, 
hold all the communication assets of the Cable 
and Marconi Companies, except in so far as they 
belong to the subsidiary companies in which the 
Cable and Marconi Companies’ holdings are less 
than 100 per cent. The Communications Com- 
pany will acquire the holdings of the Cable and 
Marconi Companies in those communications 
companies in which the Cable and Marconi 
Companies’ holding is less than roo per cent. 
The Communications Company will also acquire 
the Government cables and hold the lease of the 
Post Office beam radio stations. The capital of 
the Communications Companv not to exceed at 
its inception £ 30,000,000. 

(3) Terms of transfer of the Government's 
cable and radio beam assets.—The Communica- 
tions Company to take over as from April 1st, 
1928, the Pacific Cable Board's cables, the West 
Indian cable and wireless system worked by the 
Pacific Cable Board, the Imperial Atlantic cables 
and the lease of the Post Office beam services 
(including provision for the transfer to the Com- 
pany of existing stalfs) on terms to be arranged. 

The beam services to be leased for 23 vears at 
a rental of— 

(a) a basic sum of £250,000 per annum; 

(b) as from April rst, r931, an addition 
equivalent to 12 per cent. on any increase in 
the Company's profits. (from communication 
services) above the standard revenue: 

(c) à payment of £60,000 to be made in such 
manner as mav be agreed. 

The Communications Company to undertake 
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— 


to meet the annual service of the outstanding 
debt on the Pacific Cable Board as on April tst, 
1928, and to pay in addition a capital sum of 
£517,000 for the Pacific cables, together with 
interest at 5 per cent. as from April rst, 1928; to 
pav £300,000 for the West Indian cable and 
£450,000 for the Imperial cables. | 

The rental payable by the Communications 
Company and the service of the Pacific Cable 
Board debt will be guaranteed by the Merger 
Company. 

(4) Direction and management of the under- 
takings concerned. — The Board of Directors of 
the Merger Company, the Communications 
Company, the Cable and Marconi Companies 
will be identical. Two of the directors, one of 
whom shall be chairman of the Communications 
Company, to be persons approved by His 
Majesty’s Government on the suggestion of the 
Cable Companies. 

(5) Revenues of the Communications Com- 
pany.—. standard net revenue of £1,865,000 
(exclusive of non-telegraph investment revenue) 
from the Communications Companv services to 
be fixed to the purposes of the Company ; all net 
revenue from communication service in excess of 
that sum to go as to 50 per cent. to the Company, 
and as to 50 per cent. to reduction of rates or 
such other purpose as the Advisory Committee 
(see recommendation 6) may approve. If addi- 
tional capital expenditure is incurred by the 
Communications Company in relation to traffic, 
there shall be added to the above initial standard 
revenue an appropriate charge for interest at 
such rate as may later be agreed. 

(6) Control by the Governments concerned.— 
The Communications Company to consult, with 
regard to questions of policy, including апу 
alteration of rates, an Advisory Committee, 
which the Conference suggests should include 
representatives of the Governments participating 
in this Conference, to whom representatives of 
other parts of the Empire may be added as 
required from time to time with the approval of 
the Governments concerned. No increases of 
rates prevailing at the date of the formation of 
the Communications Company are to be made 
except with the assent of the Advisory Com- 
mittee. 

(7) Additional safeguards and conditions.—1t 
is to be agreed: (a) that British control of all the 


Companies must be guaranteed; (b) that the 
Governments may assume control of the cable 
and wireless svstems in time of war or other 
national emergency ; (c) that the fighting services 
are entitled to build and work cable or wireless 
stations for their own purposes, but not for com- 
mercial purposes. 

(S) Telephone servoices.— The Post Office in 
London will reserve the right to conduct the 
external telephone services of Great Britain, but 
will agree with the Company the terms on which 
it will have the right to use the Company's wire- 
less stations, or portions thereof, for telephone 
purposes. 


After an appreciatory comment on the value 
of the Journal to colonial subscribers, Mr. G. W. 
Heugh, of the engineering branch, Cape Town, 
gives an amusing account of the difficulties they 
are experiencing in erecting a line to a new very 
rich diamond field. Labour is very difficult to 
obtain for the erection of poles; the men all wish 
to dig certainly, but in the wrong places; even 
those who are persuaded to stick to the job care- 
fully sift the soil and toss it in the air to see if 
they have апу luck! 


We commend the following letter to the atten- 
tion of engineering firms who may be consider- 
ing the extension of their advertising field and 
are still in doubt as to the best organ in which 
to extol the claims of their wares. Mr. Turner’s 
advertisement was one dealing with combined 
voltmeter and milliampéremeter, which is known 
as the Detector, No. 4:— 

Chiltern Works, 
55/73, lotteridge Avenue, 
High Wycombe, Bucks. 

July sth, 1928. 
The Managing Editor, 
Post Office Electrical Engineers’ Journal, 
Alder House, Aldersgate Street, 
London, E. C. I. 
Dear Sir, 

It may interest you to know that my advertise- 
ment, which was inserted once in vour Journal 
recently, brought more orders than any other 
advertisement I have had, and enquiries are still 
coming in from it. 

Yours faithfully, 
ERNEST TURNER, 
per E. Соор. 
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We have been asked by Lieut-Col. C. B. 
(Тау to announce that it is proposed to hold a 
dinner of old National ‘Telephone Company’s 
staff, both active and retired, in London during 
December. Some sixty names have already 
been received and Col. Clay would be glad to 
hear from any men with the above qualifications 
who would care to attend. His address is 
Hurst, Sundridge Avenue, Bromley, Kent. 


In the Daily Express of the 13th ult., the 
following statement appeared : — 

The succession of fires due to defective Post 
Office cables has caused enormous inconvenience 
and loss to business firms, and there is wide- 
spread curiosity with regard to the real cause of 
the outbreaks. An electrical expert said to a 
Daily Express representative yesterday: “ The 
fires are due to the antiquated equipment which 
the Post Office use for their cables. 

' The outbreaks are caused by spontaneous 
combustion. During hot weather, such as we 
have had this summer, there is a constant danger 
of fires, which can only be overcome by installing 
modern equipment. 


“ The Post Office are afraid to spend the 
necessary money to bring the service up to date, 
though business men bave lost thousands of 
pounds this week owing to the disorganised tele- 
phone service.“ 

We wonder who the electrical expert is that 
comes forward with this ridiculous explanation. 
If there be any “© sich person,“ he either does 
not know what he is talking about or he is 
deliberately deceiving the public. He belongs, 
we are afraid, to the second category of witnesses 
as defined by a well-known public man, who 
calls a spade a spade. The cables used by the 
British Post @fhce—and here we call the Cable 
Manufacturers to witness—are the finest and 
most up-to-date in the world. 


We regret that owing to the absence in 
America on official business of Mr. A. E. Stone 
it is not possible to include a further article on 
Start-Stop Printing Telegraphs in the present 
number. It is hoped to continue this series of 
articles when Mr. Stone returns. 


HEADQUARTER'S NOTES. 


EXCHANGE DEVELOPMENTS. 


'The following works have been completed : — 


Exchange. Type. No. of Lines. 
Holborn is ES iis New Auto. 0400 
Keighley — nde ass » 1280 
Lofthouse Gate ... ie Se » 100 
Llandudno Junc. a ve » 140 
Old Colwyn  .. 855 ке " 500 
Penrhynside i ES ius T 180 
Rochdale -— bs e" i 2000 
Castleton js - 80 » 165 
Heywood ans M is » 365 
Littleborough  ... "is m" » 265 
Milnrow 955 aes -— » ; 80 
Norden ees awe 285 ” 75 
Shaw eee p M ves | ” 270 
Whitworth ses ves s » : 8o 
Wilpshire sea EN ues » | 270 
Cosham sid ae Auto Extn. | 200 
Fleetwood ке ds ES is 220 
Southampton T sus » | 540 
New ! 
Batley... 55 -— а. Manual 800 
Colne TA 927 ies sas 3 | 620 
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Exchange. Type. No. of Lines. 
East Grinstead... s fe » 460 
Haywards Heath » 540 
Manual 

Ealing ... zT "T ө Extns. 2030 
Hatch End is ise ET » 390 
Kingston E 285 255 » 780 
Liverpool Desk ... bats n "s == 
Margate - ses Е M 820 
Maryland eae iss sss ” 1340 
St. Albans ч “э "" T 440 
Wavertree e gos Dpt » 1040 
Weybridge РЕ En ios » 300 
Worthing n "P me » 860 
Armstrong Siddelev P.A.B.X's 120 
Atkinson & Co. xis E » 20 
Calico Printers ... M A" T 30 
Davenports е зва als » 30 
Delta Metal Co. T "- 35 30 
Dunlop Rubber Co. "T T 20 
Huntley & Palmer T" bed Уз. 170 
Nairn & Co. -— ids » 30 
Newcastle Elec. Light n " 20 
Rochdale Co-op. s si » 150 
St. Helens Corporation E Е 80 
Salford Corporation  ... sum » 30 
Shell Mex (Bristol) . hs » 30 
Southport Corporation ш » 100 
————————————————— — ge:ͥ . : 
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Orders have been placed for the following 
works :— 


Exchange. | Type. No. of Lines, 


| New Auto 2700 


Addiscombe 
Crewe . bas ТЯ ту » 840 
Hendon fas ids "P | n 3100 
Macaulay iN 4500 
Nantwich 53 290 
Brighton iss is .. Auto Extns. Rearrange- 
А ment. 
Hove iis e. Tr ej n Rearranye- 
ment. 
Wirkealdy $5 540 
Portslade fy 855 T go 
Preston eh - sse | ” 350 
Rottingdean 1 80 


Southwick xm к! a | » | 110 


Exchange. Type. No. of Lines. 
Connah's Quay ... New Manual! 440 
Parkstone m TE » | 1580 
Stanmore А s vis » | 560 
Manual 
Cambridge ies i2 me F lextns. 1480 
Ryde 25 240 
Smethwick : "S » | 580 
Streatham M ak sie " 660 
Wednesbury s ae e » 440 
West Bromwich | 5 420 
Fleetwood Co-op. ... | P. A. B. x 20 
Martin Walter & Co. ... | $5 20 
Morris Garages (Oxford) | 55 30 
Newcastle Elec. Light an 75 20 
Outram & Со. ... ; wee 1) Е 20 
Reading Со.-ор. gus gem | » 20 
Shell Mex (Bristol) ... Мо. d 35 30 


LONDON DISTRICT NOTES. 


‘TELEPHONES. 

The following figures show the changes in the 
number of exchange lines, extensions and 
stations during the three months ending, and 
the totals at 3oth June, 1928 :— 


: Increase. Total. 
Exchange Lines ... 6,319 341,821 
Extensions . . 6,823 287,655 
Stations 11,087 573,731 


EXTERNAL PLAN r. 

During the same period the changes shown 
below have occurred in mileage: — 

Telegraphs.—.X nett decrease in open wire of 
4 miles, and a nett increase in underground of 
261 miles. 

Telephones (Exchange).—.X nett decrease in 
open wire (including Aerial Cable) of 242 miles, 
and a nett increase in underground of 68,424 
miles. 

Telephones (Trunk).—A nett decrease in open 
wire of 23 miles, and a nett increase in under- 
ground of 2,013 miles. 

Pole Line.—:\ nett increase of 13 miles, the 
total to date being 5,868 miles. 

Pipe Line. nett increase of 136 miles, the 
total to date being 9,761 miles. 

The total single wire mileage at the end of the 
period under review was :— 

Telegraphs ... TE E 23,473 
Telephones (Exchange) . 2,303,718 
Telephones (Trunk) 
Spare 


EXCHANGE WORKS. 

Beckenham Exchange (C. B. No. 10), capacity 
8,000 lines, was opened for traffic on July 25th. 
Sloane and Bermondsey Auto. Exchanges were 
successfully opened on July 28th and September 
Ist respectively. Other Automatic Exchanges 
which are rapidly nearing completion and will 
be opened before the end of the year are Monu- 
ment, Western, and Welbeck. The latter Ex- 
change will relieve the Langham Area. 

The installation of the following new Manual 
Exchanges is well in hand and will be com- 
pleted within the next few months :—Pollards 
(in the Norbury rea), Chigwell, Rainham, 
Sutton, Molesey, Tudor (relieving the Mount- 
view Area) and Valentine (for the relief of Ilford). 


The opening of Sloane and Bermondsey Auto 
Exchanges on July 28th and September ist 
respectively marks a further important step in 
the conversion of the London Telephone Area to 
automatic working. 

The Sloane Exchange was opened with an 
initial capacity of 8,400 lines and the Bermondsey 
Exchange with 2,600 lines. Both Exchanges 
were equipped and'installed by the Standard 
Telephone & Cables, Ltd. 

The opening of these Exchanges was 
eminently satisfactory, the number of faults 
reported as the result in each case of the 
transfer being practically nil. 


MR. X. 


MR. A. B. 


Мк. А. B. 


Harr, 


Mr. Tarr who, on ist. November next, will 
succeed Mr. W. M. France as Staff Engineer 
in charge of the Lines Section of the Engi- 
neer-in-Chief’s Office, entered the service of 
the Post Office at Cambridge on ist June, 
1893; was transferred. to the Engineering 
Department at Cambridge on rst December, 
1880, and came to Headquarters as зга Class 
Clerk on 20th April, 1898. He was promoted 
2nd Class Engineer in charge of the Merthyr 
Tydvil Section on gth December, 1901. The 
period following was a strenuous one. There 
was keen competition with the National 
Telephone Company in the coal and steel areas, 
and active development of the telephone system 
in new territory in Brecknockshire and 
Herefordshire was in progress. The opening 
of new exchanges soon made it necessarv to 
shift the headquarters to a more central 
position at Brecon. Under the general re- 
organisation of 1904. the section was further 
enlarged and the headquarters were again 
removed—this time to Hereford. Even during 
this busv period, when long hours had to he 
worked, Mr. Hart found time for fly fishing 
and golf, with occasional motoring as opportu- 
nity offered. The latter two recreations he 
still enjovs. On 26th September, 1908, Mr. 
Hart took charge of the Brighton Section as 


B. 


HART. 


to 
л 
`~ 


HART. 


ist Class Engineer and returned to Head- 
quarters as Staff Engineer, 2nd Class, on rgth 
December, 1910. His task was to set up an 
organisation for dealing with the transmission 
eflicienev aspect of line and exchange plant 
and with this work he has been associated 
from that time. 

During the War, Mr. Hart was responsible 
for the circuit arrangements in connection with 
the Submarine Cable communications with 
France and the General Headquarters of the 
[Expeditionary Forces and for other special 
cable arrangements, including those for the 
Grand Fleet. At the termination of the War 
he visited Cologne in company with the then 
Engineer-in-Chief, Sir William Slingo, in 
order to examine the developments which had 
taken place in Germany during hostilities, 
particularly in connection with the use of 
valves as telephone repeaters. In this way he 
was among the first to re-establish personal 
contact between the Administrations of the 
Allies and of Germany. Being peculiarly 
gifted with a tactful and conciliating personality 
and a never-failing fund of humour, which has 
since endeared him to his numerous friends 
on the Continent, he was particularly fitted for 
this delicate mission. 

As head of the Transmission group, Mr. 
Hart has been responsible for the many 
schemes for loading underground cables, of 
which, as is well known, there has been an 
enormous development. Probably the out- 
standing work for which he will be remembered 
is the development of the long underground 
cable svstem, in association with the Telephone 


Repeater. While loading enabled under- 
ground cable conductors to be used for 


relativelv long distances, as, for example, in 
the case of the Tondon-Liverpool cable, the 
gauge of conductor had still to be heavy and 
the number of pairs which could be 
accommodated in a cable was limited, being 
only 52 in the case of the cable mentioned. 
The Telephone Repeater, however, has 
revolutionised the whole system. Cables 
containing over 200 pairs of light gauge 
conductors can he used and the limit of distance 
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has not yet been reached. It is due to the 
energy and foresight of Mr. Hart that the 
development of the Repeater system has been 
pushed forward and has thus kept this Coun- 
try abreast of the growth of similar svstems 
on the Continent. It is fortunate that he will 
still be in control of this work, as the Trans- 
mission group has been transferred to the 
Lines Section. Other developments taking place 
under Mr. Hart's supervision are Carrier 


B. 


HART. 


Current Telephony, Voice Frequency Tele- 
graphy and the provision of circuits for Photo- 
Telegraphy. 

Mention should also be made of Mr. Hart’s 
work on the Comité Consultatif International 
des Communications téléphoniques à grande 
distance, to all the Conferences of which he 
has been an active and keenly interested 
delegate since the inception of the Comité in 


1923. 


MR. F. TANDY. 


Mn. 


Е. Tanvy. 


MR. F. TaNpYy retired on the 31st July, 1928, 
after having held for 17 years the post of 
Superintending Engineer, South Eastern 
District. 

His services in the Engineering Department 
commenced in 1891 at the East Dean Repeater 
Station on its transfer from the Submarine 
Cable Company to the Post Office. He also 
served at Llanfairpwllgwvngvll, Anglesey, the 
Irish Repeater Station. He was promoted, in 
1894, 2nd Class Engineer in the Engineer-in- 
Chief’s Office and became a member of the 
historical Room оо staff, which included 


Messrs. W. Brown, J. Chapman, Eden, 
Hartnell, Kemp, Purves, Stubbs and Tremain. 
There he took up the investigation and develop- 
ment of new ideas in electrical communication, 
many of which betrayed marvellous ingenuity. 

Among the earliest problems that made 
exacting demands on the newly-fledged engineer 
was Pollock's Multiplex Duplex. Another was 
the 4-wire Telautograph, a fascimile writing 
apparatus originally of extreme complexity. 
Although considerable simplification was 
effected, this apparatus did not attract the 
customers whose signatures to distant cheques, 
and documents, etc., it was designed to 
transmit. It was tried out between London 
and Paris. 

He shared with Mr. J. Chapman the work 
which came to fruition in the duplexing cf 
Hughes Typeprinting System. Не was the 
initiator of experiments with the oscillograph 
and his demonstrations of its applicabilitv to 
the analvsis of telephone speech led to the 
subject being brought prominentlv before the 


I. E. E. by the late Sir John Gavev in his 
presidential address. Mr. Tandy worked on 
Poulsen's Telegraphone which had been 


brought to this countrv from the Paris Exhibi- 
tion. The Telegraphone produced results 
similar to those produced by the Dictaphone. 
By the magnetisation of a steel wire travelling 


between the electro-magnets of a telephone 
receiver the speech currents that passed 
through the receiver were recorded. These 


currents were reproduced in the receiver—which 
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in turn became the transmitter — when the 
magnetised wire was caused to retravel between 
the electromagnets. ) 

Ше co-operated with Mr. W. Brown in the 
experiments on the first heavy gauge trunk 
lines. These wires, erected on the Midland 
Railway, provided the first long distance 
telephone service from London to Leeds, 
Glasgow, Belfast and Dublin. lle was 
similarly associated in the tests over trunk lines 
between English provincial towns and the 
Continent, 

When the first two С.В. Switchboards came 
from America they arrived in this country in 
a deplorable state of disrepair. One of them 
was taken by Mr. Tandv to Cork, restored and 
installed there for experimental trials between 
London and Cork over the new heavy gauge 
trunk lines via Belfast. Long distance С.В. 
working was thus proved to be practicable. 
He co-operated with Mr. Matthew Cooper in 
the trials of the earliest form of Air-spaced 
G.P. Cable for submarine telephony, which 
had been laid between the Isle of Wight and 
the Mainland. This cable consisted of a С.Р. 
tube in the walls of which were embedded four 
equi-spaced wires. It may be mentioned 
that a similar cable laid across the Irish 
Sea had to be abandoned because the compres- 
sion in deep sea caused displacement of the 
wires and consequent distortion of speech. 

He took part in the tests and experiments 
which preceded the adoption of the Trunk 
Signalling method devised by Mr. Alexander 
Moir at Leeds. He was the headquarter’s 
expert responsible for the construction and 
opening of the original trunk exchanges at 
Glasgow, Manchester, Birmingham and other 
places. Ile was engaged at Headquarters ‘n 
developing Common Battery exchanges in 
London at Carter Lane, Western, Mayfair, 
etc., and in connection with the introduction ^f 
C.B.S. exchanges in the Thames Valley. 
Не was employed in the experiments on the 
air-spaced cable between London and Elstree 
upon which the specifications for the London- 


Birmingham cable were based. 

Mr. Tandy did pioneer work in Wireless. 
lle assisted in Preece's magnetic induction 
experiments at Carnarvon and elsewhere. Не 
assisted both Preece and Gavey in their public 
lectures at the British Association and the 
Society of Arts. He co-operated in the early 
development of the Marconi invention and in 
the wireless experiments across the Bristol 
Channel with Mr. J. E. Taylor. 

During his 12 years at Headquarters he was 
promoted ist Class Engineer (in 1898) and 
Technical Officer 2nd Class (in 1902). In 1906 
he was transferred to the Metropolitan Central 
District as Assistant Superintending Engineer, 
and in 1911 was promoted Superintending 
Engineer at a time when the responsibilities 
of the P.O. Engineering Department were 
about to expand enormously. His district has 
been conspicuous for growth of plant and 
services, especially the Continental telegraph 
and telephone services. 

On his last day of office the staff of the 
district presented to him, with many 
expressions of esteem and respect, a Rice- 
Kellogg Loud-speaker, a Phillips Mains H.T. 
Unit, and a walking stick. Next day a 
representative party called on Mrs. Tandy and 
presented to her a gold wristlet watch as a 
souvenir of the relationship which had existed 
between Mr. Tandv and the staff for so many 
vears. 

At the last Local Engineering Whitley 
Meeting over which Mr. Tandy presided the 
Vice-Chairman on behalf of the Staff regretted 
the imminent retirement of Mr. Tandy, and 
thanked bim for all he had done to further the 
aims of Whitleyism in the S. E. District. It 
was also stated that the Staff Side fully 
appreciated Mr. Tandy's sympathetic attitude, 
the patience which he had shown in connection 
with all matters brought forward for discussion, 
and the invariably tactful manner in which he 
had presented the views of the Official Side and 
the Department's requirements. 


He T. 
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MR, JAMES SINCLAIR TERRAS, S.E. SOUTH WALES. 


Mn. JAMES SINCLAR TE EES. 


MR. PERRAS was born and educated in Glasgow. 
He entered the service of the National Telephone 
Company in his native city in 1885 and speedily 
gained recognition, being appointed inspector 
in charge at Paisley in 1802. In the following 
vear he was promoted District Manager at 
Galashiels and again in 1800 at Greenock. In 
1904. Mr. Terras followed the example of many 
of his countrymen and crossed the border when 


he received the district managership at Reading. 
He was promoted to District Engineer, Birming- 
ham, in 1909, and when the inventory work was 
started in connection with the transfer of the 
Company’s plant to the P.O. he was placed in 
charge of one of the divisions. He came over 
to the Department in 1912 as Executive Engineer, 
Birmingham, but was promoted next vear to 
Preston as Assistant Superiniending Engineer 
of the North Western District. He has now 
succeeded Mr. H. Wilson at Cardift in charge of 
the South Wales District. 

Mr. Terras has had a wide and varied ex- 
perience. In the early days at Greenock he 
designed and carried out the original under- 
vround system of that town which was one of 
the first municipalities to afford facilities for 
underground work in the streets. Since he went 
to Preston, he has been closely associated with 
the installation and maintenance of automatics 
in the areas of Accrington, Blackburn and 
Fleetwood. Throughout his career he has been 
keenly interested in the technical education and 
training of the staff, and has studied the 
economies of P.O. administration with a con- 
tinual eve upon the reduction of costs. His 
recreations now are walking and music, but in 
his youth he was а keen oarsman. He goes to 
Cardiff with the best wishes of the staff at 
Preston and district. 


THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS. 


Provisional Programmes, 1928-9. 


LONDON CEN TIRE, 
tyes, 
o Oct. W. J. Burr. 
“ Chairman’s Address.” 
iy Nore dS. S., BECK. BSc 
"The Director Exchange in Practice.” 
11 Dec. E. J. Woops. 
“ The Main Underground Trunk Cable System 
of the British Isles.” 


1929. 
8 Jan. 


— 


„ Je Git. 
“ Telephonie Communication by means of Short 
Waves.’ 
12 Feb. A. J. ALDRIDGE. 
Sound Measurement.” 
12 Mar. I. Н. Jenxins. 
“ Circuit Design." 
14 Мау W. G. Raprex. 
“ X-Rays and the Structure of some Engineering 
Materials." 


Reserves: Capt. ммм. 
Carrier Current Telephony. 
К. W. PALMER. 
“The Measurement ol Relay Times 


Informal. Meetings. 
1928. 
25 Oct. l'. J. Карр. 
“Chairman's Address." 
27 Nov. J. Cowir. 
“Staff: Character judging. Talk on Personal 
1929. Characteristics.“ 
22 Jan. H. E. Мовкаѕи. 
“ Laying, Jointing and Testing of Cables." 
20 Feb. W. Dol rex. 
Wireless. Inspection of Amateur Stations.“ 


П 


26 Mar. D. C. Mappecks. 
„Tandem Exchange & C. C. I. Working." 
Н. T. Bixxs. 
Holborn Automatic Exchange.“ 
23 Арі. B. Lynn. 


** Ecclectic Junctions.” 


1929. 
g Jan. 


20 Feb. 


20 Mar. 


1928. 
9 Oct. 


13 NOV. 


11 Dec. 


1929. 
8 Jan. 


12 Feb. 


12 Mar. 


IYN. 
135 Oct. 


12 Nov. 


10 Dec. 


1929. 
14 Jan. 


11. Feb. 


11 Mar. 


5 Ар! 


I.D.O.E.E. PROVISIONAL 


NORTHERN CENTRE. 


Summer Outing. 


J. 


К. Epwarps. 


Output of the Worker and Methods of 
increasing it.” 
T. PEARSON. . 
Organisation of Advice Note Work." 
Tuos. DAVIDSON. 


А. 


1. 
C. 


Н: 


\\. 


o]. Woops. 


no]. Woops, X. M. I. IL. I. 


ey 


V COWARD. 


PE Mane G; 


“ Underground Breakdown Organisation.“ 


(E.-in-C. O.). 
The Main Underground Trunk Cable System 
of the British Isles." 


“ 


"V К. WOERTIIINGTOS. 


“ Underground Line Construction with sugges- 


tions for reducing Costs."' 


С. W. GASKLNS. 


“ The Cabling of the Tyne Bridge." 
NORTH EASTERN CENTRE. 


У. Rensuaw. (E. in-C. O.). 

* Some general considerations relating to 
Clerical Organisation of Engineering Depart- 
ment. ** 

J. Epwanps, B.Sc.(Eng.), X. C. G. I., D. I. C. 

'" Modern Electrical Hlumination."" 

Woob. 

Secondary Cells as used in the P.O.” 


( E.-in-C.O.). 

“ Main Underground Trunk. Cahle System of 

the British Isles.” 

DeWarpt, X. M. I. I. I. 

“ Grimsby Beam Radio.’ 

McLean. 

“Р.О. Engineering Inspectors." 

NORTH WESTERN CENTRE. 

S. Procter. (Technical Section). 

‘Cordless B. Key-seading positions in Director 
and Non-Director Areas 

Поккоскх. (Rochdale), 

“Petrol Engines, with special reference to the 
Electrical Circuits. "" 

( Preston ). 

“Unit Construction and. Maintenance 
‘External) From. fundamentals." 

FE. Toorn. (Preston). 

“ Some Notes on the Maintenance of 
"'elegraphs."" 

J. Woops. (E.-in-C.O.). 

“The Main Underground Trunk Cable System 
of the British Isles." 


Costs 


Machine 


BWIN. (Northern Centre). 

“The Early. Development of Telephonie Switch: 
ing." 
SOUTH 


BANES CENTRE: 


Chairman's Address. 


H. 
H. 


125 


К. 


lilm—'* Wires across the Sea." 

P. Cryua. 

“ Automatic Telephony— Trunk and Grading." 
M. TURNER. 

Secondary Cells.” 


J. Woops. (E.-in-C.O.). 

“The Main Underground Trunk Cable System 
of the British Isles."' 

G. DeWarpr. (N. E. Centre). 

Wireless Beam System.” 


To be decided later. 


A. 


ALDRIDGE, 
'* Sound 


(H. -iu-C. O.). 


Measurement," 


PROGRAMME, 


1928. 
Oct. 
Nov. 
Dec. 

1929. 
Jan. 
Leb. 


Mar. 


1928. 
3 Oct. 


7 Nov. 
5 Dec. 


1929. 
2 Jan. 


6 Feb. 


о Mar. 


1928. 


10 Oct. 


ry Nov. 


1 Dec. 


1620. 
10 Jan. 


b. Feb. 


27 Feb. 


Ty Mar. 


1628. 
S Oct. 


12 Nov. 


3 Dee. 


1929. 
14 Jan. 


11 Feb. 


Mar. 
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NORTH MIDLAND CENTRE. 


Mr. THATCHER. 


" Auxiliary Power Plant Services; Sheffield 
Auto. Area." 
J. WYATT. 


Fundamental Lay-out Claims.” 
Capt. Н. G. TissiNGTON. 
“ Time Tests and Construction Costs." 


к 
Ue 


. J. Woops. (E.-in-C.O.). 
“The Main Underground Trunk Cable System 
of the British Isles.” 
V TOWERS. 
“ Skegness Radio Station." 
Mr. WARRAND. 
“ Main and Local Lines. 


z 


Plans and Records.” 
SOUTH MIDLAND CENTRE. 


J. E. TaxLok, M. I. E. E. 

‘© Chairman’s Address.” 
Н. W. Peck. 

“ Notes and Comments on Records.” 
К. D. Praviss. 

Secondary Cell Maintenance." 


F. R. 


“ 


LuckuaAM. 

The Training of Youths.’ 

‚ Woops, A. M. I. E. E. (E.in-C.O.). 

The Main Underground Trunk Cable System 
of the British Isles." 

CAMPBELL. 

Four Wire Telephone Repeaters and associated 
Circuits." 


, 


NORTH WALES CENTRE. 

Capt. J. Oxos, M. I. K. E 
Secondary Cells." 

X. S. Renxsuaw. (E. -C. O.). 

Some general considerations relating to the 
Clerical Organisation of the Engineering 
Department." 

Exhibition of Technical Films, including the fili 

Voices Across the Sea.” 

Capt. CAVE-BROWNE-CAVE. 

* Modern Views as to the structure ol Matter | 
(with visit to Fordrough Lane, Birmingham 
Festing Branch and Repair. Factory). 

E. J. Jarrett. 

Director Working." 

E. J. Woops, K. XI. I. E. II. (GE.-in-C.O.). 

“The Main Underground Trunk Cable System 
of the British. Isles.” 

15. J. Priciarp. 
“e Telephone Repeaters.” 
SOUTH WALES CENTRE. 
E. II. Jaynes. 
** Photo Telegraphy and Television. 
E. J. Woops, . VI. I. I.. II. CE.-in-C.O. ). 
he Main Underground. Trunk Cable System 
of the British Isles."' 
Н. C. Gunton. (E.-in-C.O.). 
" Recent. Developments in Power [Engineering 
in the Post Office." 


G. E. J. Jacoss. А 
“ Repeater Station Working.” 
E. S. Ritter. (E.-in-C.O.). 
Picture Telegraphy.”’ 
К. T. RoniNsoN. (E. -..). 
Motor Transport iu the Engineering Depart- 
"ient," 
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SOUTH WESTERN CENTRE. 
1928. 
9 Oct. Chairman's Address. 
Cinematograph Film, “ Voices across the Sea.” 
E. J. Woops. (E.-in-C.O.). 
“The Main Underground Trunk Cable System 
of the British Isles.” 
11 Dec. Messrs. Came and TREGLOWN. 
Automatic Exchange Maintenance.“ 


13 Nov. 


1929. 
9 Jan. I. II. Jenkins. (E. Iu-C. O.). 
“ Circuit Design.” 
12 Feb. J. Raprorp. (HE. -C. O.). 
" Automatic Exchange Design." 
К. Е. Sorek. 
“Some Aspects of French Restoration with a 
view to the avoidance of claims for con- 
sequential damage.“ 


12 Маг. 


EASTERN CENTRE. 
1928. 
It Sept. Film, “ Voices across the Sca," followed by certain 
slides on Submarine Cables about which Mr. 
J. F. Lamb will speak. 
23 Oct. K. S. RENSH aW. (E.-in-C.0.). 

“Some General Considerations relating to the 
Organisation of the Engineering Depart- 
ment." 

20 Nov. E. J. Woops, K. XI. I. I. II. (Ё.-ти-С.О.). 

“The Main Underground. Prunk Cable System 

of the British Isles.’ 
Dec. Being arranged. 


1929. 
Jan. Being arranged. 
R. J. III SRS. 
Some Phases of Automatic Telephony." 


Owing to want of space, Scotland East and West and North Ireland Centres have been held over until next issue. 


SILVER MEDALISTS, 


Мк. J. IN &us. Edinburgh, 
I. I'. G. I. U. Senior Silver Medalist, 1920-27. 


1926-27. 


Мк. B. Милан, Neweastle-on-Vyne. 
J. P. O. E. E. Junior Silver Medalist, 1926-7. 


LOCAL CENTRE NOTES. 


NORTH MIDLAND DISTRICT, 


The promotion of Mr. Gomersall to Deputy 
Superintending Engineer, London, was made 
the occasion in the North Midland District of 
a presentation to him by the Staff of a gold 
watch, suitably engraved, to mark the 
appreciation in which he was held. In 
acknowledging the gift Mr. Gomersall stated 


that the nine years spent in the District were 
years of great activity and some difficulty and 
the success achieved had only been made 
possible by the zeal which was common to all 
grades and the friendly co-operation which was 
shown on all sides. He would always retain 
the warmest regard for the North Midland 
District from which he parted with great 
regret. 


BOOK 
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Pitman's Technical Dictionary. To be issued 
in about 36 Parts, each part containing about 
64 pp., size g in. by 7} in.; price 2/6 net. Sir 
Isaac Pitman & Sons, Ltd., London, W.2. 

The complete issue will contain nearly 2,000,000 
words, covering engineering and industrial 
science. terms in seven languages: English, 
French, Spanish, Italian, Portuguese, Russian 
and German. The dictionary is edited by Ernest 
Slater, M.I.E.E., M. I. Mech. E. The first part 
was issued at the end of April, the others to 
follow fortnightly. 


The A. T. M. Universal" Duplex Unit R 86. 


The A.T.M. Company has issued a bulletin 
describing the above unit, which has been 
designed for fitting on duplex telegraph circuits 
and provides a means of readily providing 
terminal apparatus ready for service on prac- 
tically any length of line. The unit is enclosed 
in a wooden case, similar in make-up to manv 
wireless cases now on the market, and is com- 
pletely wired up with spring sets for relay fixing 
and is fitted with testing facilities for measuring 
the characteristic resistance, the conductor resist- 
ance and the insulation resistance of the line. 
The set can be used for either Up or Down 
Station working and two units, side bv side, can 
be quickly utilised bv cross-connecting as a 
duplex repeater. 


Strowger Automatic Telephones (Aulomatic 
Telephones Co. Bulletin No. 300). 


The Automatic Telephone Manufacturing Co. 
arc to be congratulated on this production, which 
is handsomely bound and combines a delightful 
colour scheme with interesting reading matter. 
The Bulletin gives a general description of 
Strowger working including the Director system. 
The value of the Bulletin is enhanced by the in- 
clusion of a list of some of the Public Exchanges 
throughout the world using Strowger equipment, 
and it is extremely informative. 

The illustration of the Holborn Exchange 
equipment will be of immediate interest to 


readers of the Journal. It is interesting to note 
that there are over four million Strowger Auto- 
matic Telephones installed or under construction 


throughout the world. 


We have received from the Weidmannsche 
Buckhandlung Co., of Berlin, the following: — 
(a) '* Zur Theorie des Fernsprechrerkehrs." 

By k. Frei. 

(b) Die Ausbreitung der Elektromagnet- 
ishen Wellen." By Dr. Alfred Sack- 
lowski. 

(c) '* French-German Dictionary for Long 
Distance Telephone Traffic.“ By 
Albert Lang. 

These аге volumes I., IT. and III. respectively 
of a series of short treatises on various phases of 
the electrical industry of which the general 
editor is F. Moench. 

(a) This is a book on telephone traffic and 
treats the matter, of course, from а 
theoretical standpoint, and from this 
point of view goes back to first principle. 
Besides dealing with the theories most 
favoured in Germany, the author in- 
cludes criticisms of workers of other 
countries. Besides the ordinary tele- 
phone traffic problems he includes 
chapters on waiting times as experienced 
with such systems as the Western 
Electric rotary and also with the distribu- 
tion of call durations. 

(b) This book is a review of existing literature 
on the propagation of electro magnetic 
waves. 

At the end, a bibliography with 474 
entries is given and many of these are 
referred to in the text. 

(c) This dictionary being only in French and 
German is of comparatively little direct 
interest in this country. It does, how- 
ever, appear to give very completely, 
both in French-German and German- 
French the main terms used in telephone 
transmission. 
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POST OFFICE ENGINEERING DEPARTMENT. 


PROMOTIONS. 
r 7 
Name. ; Grade. Promoted to Date. 
| 
CERE c — | — sees = с-фы E D 
Terras, J. S. Asst. Suptg. Engineer, X. V. Dist. Suptg. Engineer, S5. Wales District. 15-8-28 
Bullock, A. H. Executive Engineer, Leicester Assistant. Suptg. Engineer, 198-28 
Section, X. lid. District, N. Mid. District. 
Alexander, R. Е | Executive Engineer, Edinburgh Assistant Suptg. Enngincer, 30-58-28 
| Inner Section, Scot. I. Dist. N. I. District. р 
Baxter, J. a Executive Engineer, Hereford Assistant Suptg. Engineer, S. W. Dist. 4-9-28 
Section, S. Wales District. 
Halton, N. : Executive Engineer, Technical Assistant Stall Engincer. Lines 31-8-28 


Pink, E. А. 
Statters, J. E. 


Lucas, J. ©. 


Reid, Capt. F., MEG. 


Cruickshank, VV. 


Hansford, R. V. 


Dolton, W. 
Ryder, W. V. 
Minin, Fe E 


Pratt, XM. fF. 


носе, H. R. 


Deane, W. 


Peacock, C. T. 


Harding, R. W. 


Plymen, Н. S. 


Scun, W. D. 


Carter, Major II. 


Struthers, G. А... 


Walmsley, Т. 


Smith, Albert 
Smith, Arthur, 
Noble, J. 


Burn, T. 


Thomson, J. 


rt p pp . EEEE SSS SE RR th c ß 


Section, S. Mid. District. 
Executive: Engineer. 
Bristol Section, S.W. Dist. 
dus РИ Executive Engineer, Lines 

| Section, E-in-C.O. 
Executive Engineer, Telephone 
Section, E-in-C.O. 
Executive Engineer, Designs. 
Section, E-in-C.O. 
Executive Engineer, Research 
| Section, E-in-C.O. 
Executive Engineer, Radio 
Section, E-in-C.O. 
Assistant. Engineer, Technical 
Section, London District. 
Assistant Engineer, Lincoln 
i Section, N.E. District. 
Assistant Engineer, Centre 
Vxternal Section, 
| 
| 


Assistant Engineer, Technical 
Section, S. Lanes. District. 
Assistant Engineer, Technical 
Section, XN. District. 
Assistant Engineer, City 
Internal Section, 
London District. 
Assistant Engineer, Designs 
| Section, E-in-C.O. 
" Assistant Engineer, Lines 
| Section, Ein- O. 
Assistant EÉngincer, Telephone 
| Section, E-in-C.O, 
| Assistant Engineer, Telephone 
Section, E.-in-C.O. 
2d Assist. Engineer, Construction 
Section, E-in-C.O. 
Assistant Engineer, Radio 
Section, E-in-C.O. 
Assistant Engineer, Radio 
Section, E-in-C.O. 
kei S. W. I., Testing Beh. 
S. W. I., Testing Beh, 


к! S.W.L, Scotland West. 
S. W. I., Scotland West. 
Se fos F. W. I., Scotland West, 


London Dist. 


Section, E.-in-C.-O. 


Assistant Stall Engineer, To be fixed 


Construction Section, | E.-in-C.O. later. 
Assistant Staff Engineer, 1-11-28 
Lines Section, 1%.-ш-С.О. 

Assistant Staff Engineer, 1-8-28 
Telephone Section, E.-in-C.O. i 
Assistant Stalf Engineer, 1-12-28 
Designs Section, E.-in-C.O. 
Assistant Stalf Engineer, | 1-8-25 

Research Section, k.-in-C.O. | 
Assistant Stalf Engineer, н 1-8-25 
Radio Section, E.-in-C.O. | 

Executive. Engineer, Technical 1-8-28 
Section, London District. 

Executive Engineer, Headquarters | — 26-8-28 

to be fixed later. 

Executive. Engineer, North West 18-28 


external Section London District. 

Executive Engineer ‘Technical То be fixed 
Section, N. Wales District. later. 
ENecutive. Engineer, Hereford Sectn., To be fixed 

S. Wales District. : later. 
Executive Engineer, Leicester 19-8-28 
Section, N. Mid. District. 


ENeculive/ Engineer, Designs 
Section, E.-in-C.O. 
Executive. Engineer, Technical 


1-8-28 


То be fixed 


Section, S. Mid. District. later. 
Executive Engineer, Lines Section, 111-28 
. -in-C. O. 
Executive Engineer, Telephone 1-8-28 
Section, E.-in-C.. O0 
Executive Engineer, Construction 1-8-2 
Section, E.-in-C.O. 
Executive Engineer, Bodmin Radio. IS-S-2N 
| 
Executive Engineer, Radio Section, | 1-8-25 
E.-in-C.O. 
Inspector, Testing Bch. | 6-4-28 
Inspector, Testing Bch. 5-8-25 
Inspector, Scot. West. io 16-4228 
Inspector, Scot. West. To be fixed 
| later. 
Inspector, Scot. West. 25-8-28 
| 


STAFF CHANGES. 265 


RETIREMENTS. 

SS SD 

Name. Districts. Grade. | Date. 
Brien, J. G. sus - ig eh Executive Engineer. | E.-in-C.O. : 30-6-28 
Allen, F. J. m sus jus = 2 E.-in-C.O. | 30-6-28 
Wood, A. H. с У "- is y E.-in-C.O. 30-728 
Morris, A. C. . ie те е Assistant Engineer. N. Mid. District. | 1-6-28 
Copeland, EF. II. ES T TA 3i S. Wales District. : 25-6-28 
Broomhead, II. H. Фа - И is І N. Ireland District. | 20-8-28 
Bradshaw, A. R. РАН -— cane Inspector. N. Wales District (resgd.) | 1-8-28 
Folkard, G. F. .. " = us үз Ldn. Enginecring Dist. (resgd.) | 8-8-28 
Tandy, F. ER ez 0 гез Suptg. Engineer, S. E. District, 31728 
Wilson, II. i » S. Wales District. 3127-24 


DEATHS. 
Ўт 
Мате. District. Grade. Date. 
Sunderland, NI. .. iat -— pos N. W. District. Inspector. | 9-828 


TRANSFERS 


Name. Rank. From To Date. 
Mathew, K. KR. . . уя» 55 " Inspector. Scot. E. District. Scot, West District. 3-628 
Wall HE ees а= 88 site ees js ооӊ үз 30-8 
Michaelsen, G. le. UE. . . hs MS T У. Lanes. S. West District, 17-60-28 


ISͤͤ „ 2 — 


CLERICAL ESTABLISHMENT, 
PROMOTIONS. 
м цФММ-Ъ—ННЫН_ —-———-————-——-—-—-—-— -———---------------------------------------------------—-—-+--—-—_—_—_———————_—_——————— A 


Name. Rank. Promoted to. Date. 
Hardham, U. А. € ET wee Stalf Officer, l. -in C. O. Principal Clerk, I. -in-C. . 17.28 
отпеа, G. m ун T С Acting Staff Officer, E.-in-C.O. Stalf Officer, E.-in-C.O. 17-7-28 
Ramsay, J. Е pee bos T Executive Officer, Е. С.О, Acting Staff Officer, E. -in-C.O. 17-7-28 


OTHER CHANGES. 


Name. Grade. Cause. Date 
Boddington, M. F.. Ке AM Principal Clerk, | E.-in-C.O. Retirement. 30-6-28 
Jeff, F. H a уез Higher Clerical Officer, London. Death. 13-6-28 


——ä—— ——————_————.—————.ө—-.{_ _———_—————_— 
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BOARD OF EDITORS. 


B. €. Anson, M. I. E. E., Chairman. 

E. Н. Suaucunessy, O. B. E., M. I. E. E., M. I. R. E. 
Lieut.-Col. А. C. Beotn, M. I. E. E. 
J. W. Atkinson, M. I. E. E. 

Р. G. Hay, F. S. I., M. I. E. E. 
II. LoNGLEY. 
W. Cruicksnank, NI. I. E. E., Managing Editor. 
J. J. MeKrcuas, O. B. I., X. M. I. E. E., Assistant Editor. 


COMMUNICATIONS. 


All Remittances and Communications should be addressed 
to the Manacinc Еюшюток, P. O. E. E. JOURNAL, Engineer: in- 
Chief’s Office, Alder House, London, E. C. 1. 

Binding covers and copis of the Contents for Vol. 3 to 20 
are available, and may be obtained from the local agents for 
1s. 6d. and 3d. respectively. Subscribers can have their copies 
of Vol. 20 bound, with index included, at a cost of 3s. by 
sending the JourNats to the local agents. Orders for bind- 
ings, Vols. 1—19, should indicate whether the original binding 
with black lettering, or the later pattern in gold, is required. 
Covers with gold lettering will be the only type stocked from 
Vol. 20 onwards. 

The price of the Journat is 18. 3d. (18. 64. post free) per 
copy, or 6s. per annum, post free. All back numbers 25. each. 


THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 


Officers of Colonial апа Foreign Telegraph Administrations 
who are engaged in Electrical Engineering Works may be 
admitted as Colonial and Foreign Corresponding Members 
respectively, after application. 

Subscription payable annually in advance on ist April in 
each year: : 

Colonial Members ТТ " Li о о 
Foreign ay £i IO 0 

These sums include Annual Subscription to the Journal of 
P.O. Electrical Engineers and the supply of all Professional 
Papers issued during the period covered by subscription. 

Forms of application for Colonial and Foreign Membership 
can be obtained on application to 


The Secretary, 
Institution of P.O.E. Engineers, 
G.P.O., Alder House, E.C.1. 


or the undermentioncd gentlemen who have kindly agreed 
to act as representatives of the Institution in their respective 
countries :— 


R. Badenach, Esq., B.Sc. (Melb.), 
Chief Electrical Engineers Office, 
Postmaster Generals Department, 
Treasury Gardens, 
Melbourne, 
Australia. 


Н. C. Brent, Esq., 
The Laboratory, 
G.P.O., 
Wellington, N Z. 


N. N. Banerjee, Esq., A.M.L.E.E. (Ind.), 
Divisional Engineer, Telegraphs, 
Calcutta West Division, 
8, Wellesley Place, 
Calcutta, 
India. 


A. T. Kingston, Esq., M. B. E., A. M. I. E. E., 
Office of the Chief Engineer, 
Telegraphs & Telephones, 
С.Т.О;, 
Colombo, 
Ceylon. 
A. J. Kellaway, Esq., 
Department of Posts and Telegraphs, 
P.O. Box 366, 
Pietermaritzburg, 
South Africa. 


CENTRAL LIBRARY. 


‘The following books have been added to the Central Library. 
Applications for the loan of same should be addressed to the 
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A VOICE FREQUENCY MULTI-CHANNEL TELEGRAPH SYSTEM. 


J. М. Owen and J. A. S. MARTIN. 


OICE Frequency Telegraphy, as the 
name implies, is a system of Telegraphy 


worked with alternating currents and at 
frequencies within the Voice Range. For a 
number of years the question of telegraph trans- 
mission by means of such a system has been con- 
sidered by telegraph engineers, but until recently 
no great progress was made. 

The great extension of loaded underground 
cables in this country and the completion of the 
main underground routes have emphasised the 
need for some new system of telegraphy which 
would facilitate successful working of telegraphs 
and telephones in the same cable. 

Although there is a fairly comprehensive tele- 
graph underground network in this country, a 
considerable number of telegraph circuits are 
accommodated in the new trunk cables. The 
question of maintaining the greatest degree of 
1on-interference between the two systems is 
:herefore a matter of the utmost importance. At 
oresent the telegraphs are worked on unloaded 

»airs and the power used, as compared with that 
эп a telephone circuit, is considerable and makes 
he conditions very exacting. 

Further, in the light of present developments 
t would not appear to the authors to be economi- 
al to provide separate unloaded pairs for tele- 
zraph purposes except in short cables, as it is 
10w possible to use loaded pairs for multi-channel 
Voice Frequency working or alternatively for 
imultaneous telegraph and telephone working. 


VOL. XXI, 


Under these conditions the cross-talk between 
the telegraph and telephone circuits will be of 
the same order of magnitude as that permissible 
between normal telephone circuits. 

At present there are three known methods of 
working telegraphs on loaded underground con- 
ductors, viz. :-— 


(a) Phantom superposed working. 


(b) Sub-audio frequency or composited 
working. 
(c) Voice Frequency working. 

(a) This system is adapted for use on the 
phantom of the two side circuits of a 
telephone quad. It is the same as that 
normally used in superposed working 
with the exception that special arrange- 
ments by means of smoothing and im- 
pulse equalising circuits are made, where- 
by the telegraph interference in the tele- 
phone circuits is reduced or superposed 
entirely. For long distance working 
arrangements must be made to bye-pass 
the D.C. telegraph signals at the tele- 
phone repeater stations. This system 
has its disadvantages, since the tele- 
graph circuit—when loaded phantom 
circuits are used—is replacing a tele- 
phone circuit, and, further, the speed of 
the telegraph circuit is limited, owing 
to the use of the various smoothing 
devices. This system could be em- 
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ployed where magneto signalling is system cannot be employed where 
used on the telephone loops. magneto signalling is used on the tele- 
(b) Sub - Audio Frequency working is a phone circuit. Arrangements must be 
system in which high and low pass made to use, sav, 500 cycle ringing. 
filters are used. The telegraph and (c) Voice Frequency Multi- Channel tele- 
telephone circuits work on the same graphy is a system working on a 
pair. The low pass filter cuts off all principle similar to that of a four-wire 
frequencies above 4o cycles in the tele- repeated telephone circuit, and mav 
graph circuit (2.е., an equivalent Wheat- have six or more channels each way, 
stone speed of approximatelv roo words each of which is capable of working 
per minute), and the high pass filter at approximately 100 words per minute. 
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Fic. 1.—FRONT view OF COMPLETE INSTALLATION. 


prevents the telegraph signals from It follows, therefore, that any telegraph system 
entering the telephone circuit. This which does not require a speed in excess of this 
arrangement gives a working telegraph can be worked on any of the channels. Since 
speed of about 70 words per minute. this system works on a telephone principle as 

This system is certainly economical, regards power, etc., it can be readily appreciated 
but the maximum speed of working is that the interference resulting in other circuits 
comparatively low. It will, however, will not exceed that normally met with between 


be invaluable on minor circuits. This telephone circuits in a loaded underground cable. 
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Furthermore, as the ordinary telephone repeaters 
are used, this system can be worked on any 
telephone circuit normally adapted for four-wire 
working. Although this system makes use of a 
circuit that could be used for telephone purposes 
it must be remembered that six separate high 
speed circuits are provided for telegraph work- 
ing. 

It is proposed here to deal with a Voice Fre- 
quency System developed by the General Electric 
Соу. with the co-operation of the Post Office. 


GENERAL PRINCIPLES. 


In this system oscillations are generated in six 
oscillating circuits Бу means of valve controlled 
tuning forks* at w= 2300, 4000. 5500, 7000, 8500 
and 10,000 respectively. These frequencies are 
applied to the primary windings of six input 
transformers through the local contacts of tele- 
graph relays, the secondary windings being 
joined in series and connected to the grid of a 
common transmitting amplifving valve (see Fig. 
7). The operation of one or all of the telegraph 
relays, which are actuated by D.C. signals from 
the telegraph office, impresses oscillations on the 
grid of the common transmitting. amplifving 
valve. Amplified oscillations are passed out to 
line and received at the distant end on the grid 
of a common receiving amplifving valve. From 
the anode of this valve, the amplified oscillations 
are passed to six band-pass filters connected in 
parallel. After passing through their respective 
filters the oscillations are again amplified, the 
amplified signals being rectified by another 
valve. The rectified signals operate a telegraph 
relay, signals being passed to the telegraph office 
by means of a local battery and the tongue of 
the relay. 

The complete installation is made up of eight 
bays, each 7’ 73” high and т’ 81" wide. Two 
transmitting channels occupy one bay, the 
six channels therefore being accommodated on 
three bays. Similarly, two receiving channels 
occupy one bay, the six occupying three bays. 
Separate bays are provided for the common 
transmitting amplifier and the common receiving 
amplifier, remaining space on both bays being 

* Under the patents of Messrs. Eccles and 
Jordan. 
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Fic. 2.—Back view or TRANSMITTING Bays. 


occupied by subsidiary apparatus which will be 
described later. 

The telegraph relays are of the P.O. Standard 
" B" type fitted with flexible spring tongues. 
This type of relay prevents chattering at the 
relay contacts. Contact pillars and springs are 
fitted to enable the relays to be slipped in and out 
at will and so permit changes of relay to be made 
quickly. 

Transmitting Bay.—Fig. 2 shows a back view 
of the three sending bays with the covers re- 
moved. Each transmitting bay consists of two 
transmitting units. "The upper part of the bay 
is occupied by connection strips, resistance 
spools and alarm relays, battery lamps and 
battery panel complete with fuse mountings. 

The fittings for the telegraph relays, together 
with subsidiary apparatus are fitted on the lower 
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portion of the hav. See left of Fig. 1. The 
centre of the Бау carries the telegraph galvano- 
meters and rheostats for controlling the current 
received. from the telegraph office. On this 
panel we also have the valves, together with their 
battery cut-off and ammeter kevs, and two kevs 
by means of which the telegraph relays аге 
operated for test purposes. X filament alarm 
lamp is fitted above the battery and ammeter 
kevs, and an alarm lamp is fitted above each 
relay test key as the operation of that key dis- 
connects the telegraph office from the relay. In 
addition to the telegraph galvanometers, the 
second Бау carries an ammeter and milliammeter 
serving all transmitting bavs, in order to measure 
filament, anode and fork magnetising currents. 
The tuning forks are mounted on massive brass 
bases at the back of the hay. They are insulated 
mechanically by means of Sorbo rubber, each 
fork being separately electrically screened. 
Polarisation is effected by an electromagnet. 
The anode grid and output coils are the same 
for all frequencies. The supports for the tuning 
forks are adjustable, as they have to accom- 
modate forks of different lengths according to 
the frequency required. The fork unit is con- 
nected to the circuit by means of plugs and 
cords, and is therefore easily detachable for test 
purposes or for replacements. Fig. 3 shows a 
tuning fork mounting. The necessary con- 
densers for anode and grid coils are fitted on the 
shelf which carries the fork mounting, 

Control of the magnetising current is effected 
bv a rheostat 0-350 ohms, and by throwing a 
switch a milliammeter, common to all trans- 
mitting bays, is brought into circuit. The valve 
filaments are heated in series from a 24 volt 
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Fic, 4.—Back virw or RECEIVING Bays. 


battery; grid priming is derived from the 
filament circuit, and a 150 volt battery is used 
for the plate circuits. The valves used are the 
P.O. Standard У.Т. 25 type. 

No filters are used at the transmitting end, as 
the output is sufficiently free from harmonics to 
permit of transmission direct to the common 
transmitting amplifier. 

Receiving Day.—Vig. 4 shows a back view 
with the covers removed. 

The receiving bays are similar in design to the 
transmitting bays, the connection strips, alarm 
relays, resistance spools, battery resistance lamps, 
battery panel, telegraph galvanometers and re- 
lavs occupying similar positions. 

Each receiving bav carries two receiving units, 
each unit consisting of an amplifier and a 
rectifier, the amplifying valve being ап Osram 
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Fic. 5.—Firter EFFICIENCY Curves. 


L.S.5B, and the rectifier an Osram L.S.s.V. 
See right of Fig. 1. The filters for the two 
circuits are fitted at the bottom of the bay, one 
at the front and the other at the back. The 
middle of the bav is occupied bv the valves and 
their respective batterv and test keys, filter out- 
put controls and filament rheostats. As in the 
case of the transmitting bay, an ammeter and 
milliammeter are fitted on the second bay, both 
instruments being common to all receiving bays. 
Transformers and other subsidiary apparatus 
are accommodated on the back of the bays. 
With the exception of the filter, each receiving 
unit is identical for all channels. The priming 
for the rectifying valves is supplied from a 
special 100 volt grid battery which is carried on 
the back of the frame. A 24 volt positive and 
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negative earthed battery is used for the locals of 
the telegraph relays. Apart from these the 
battery arrangements are similar to those of the 
transmitting bavs. 

Efficiency curves for the respective band pass 
filters are shown in Fig. 5, from which it will be 
seen that there is no overlapping of the bands. 

Common Amplifier Bays.—Vig. 6 shows a 
back view of the two common amplifier bays. 

Both the common transmitting and receiving 
amplifiers, together with subsidiary apparatus, 
occupy separate bays and are placed between the 
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Гіс. 6.— Back view: Common Bays. 


272 A VOICE FREQUENCY MULTI-CHANNEL TELEGRAPH SYSTEM. 


transmitting and receiving bays. As in the case 
of the other bays, the top is occupied by connec- 
tion strips, alarm relays battery lamps, battery 
panel and other minor apparatus. At the 
bottom of each bay is a series of branching Jacks, 
(See centre bays in Fig. 1) which in conjunction 
with a valve voitmeter enables tests and measure- 
ments to be made at different parts of the circuit 
and also provides cross-connecting facilities for 
the various channels. Below the test jack panel 
on the left hand bay there is a telephone panel 
which provides for the termination of two 
speaker lines, and is similar to that normally 
fitted on two-wire repeater circuits. One of the 
telephone circuits is for communication between 
the terminal voice frequency stations, and is 
worked on the phantom circuit of the “© go and 
“© return " pairs. The other telephone provides 
communication with the local telegraph office. 
The centre of the common transmitting bay is 
occupied by a simple telegraph test set and an 
ammeter and milliammeter which are common to 
both bays. On this bay there is also a calibrated 
two valve testing amplifier, below which is the 
common transmitting amplifying valve together 
with battery keys and adjusting apparatus. А 
graduated artificial cable, calibrated in T.U.'s is 
provided for adjustment of the power level and 
to control the output. "The centre of the receiv- 
ing bay is occupied by a battery voltage testing 
set, and a valve voltmeter (Tinsley pattern) for 
measuring А.С. voltages. Below these are the 
common receiving amplifier valve and battery 
keys together with a filament rheostat. А 
potentiometer, graduated in T.U.'s, is fitted on 
this bay to control the input level from line. 

Test Amplifier.—The calibrated test amplifier 
is used in conjunction with a non-reactive 
artificial cable, to provide a testing circuit en- 
abling transmission gains up to 34 T.U.'s or 
losses up to 27 T.U.’s to be obtained for testing 
the operation of the transmitting and receiving 
circuits. 

The gain characteristic of the test amplifier 
over the frequency range is flat. 

The test amplifier can also be used as an end 
repeater and in the case of a breakdown, if an 
aerial line is used as a substitute, the installation 
can be made to function within the limits 
specified above. 

Valve Voltmeter.—The valve voltmeter used is 


a Tinsley Portable Reflecting Galvanometer o-5 
microamps (resistance approximately 700 ohms), 
fitted with an 18 v. Osram lamp, and is used in 
conjunction with two V.T. 25 valves. By means 
of a key the secondary of the input transformer 
can be so arranged that the scale can be varied 
to read o-1, 0-2 and O- volts. 

Telegraph Test Set.—The telegraph test set 
consists of two keys and a galvanometer and is 
provided to enable simple tests to be made on the 
local telegraph lines, between the voice fre- 
quency office and the telegraph instrument room. 
One key provides for sending a marking or spac- 
ing current to line via the galvanometer. The 
other key, in one position puts a loop or earth on 
the line and in the second position sends a 
current to line through the test galvanometer. 

Transmission of a Signal.—This may be 
followed from Fig. 7 which shows a schematic 
diagram of the svstem. 

The transmitting frequency is maintained 
throughout by a valve maintained tuning fork 
and a definite portion of the output is tapped off 
by means of the potentiometer (0-350 ohms), 
the circuit being closed through the primary of 
the input transformer and the tongue and mark- 
ing stop of the telegraph relay. A signal from 
the telegraph office passes through the adjustable 
resistance (0-250 ohms), galvanometer, line coils 
of the telegraph relay to earth or back on the 
“ B” line. 

When the telegraph relay is operated. the 
tongue is moved over to the marking contact and 
so closes the output circuit. The secondary of 
the input transformer, which is in series with the 
secondaries of the input transformers associated 
with the other transmitting units, is connected 
to the grid of the common transmitting amplify- 
ing valve. The anode of this valve is coupled 
via an output transformer to a non-reactive 
adjustable artificial cable (o-10 T.U.'s), which is 
connected to the primary of a line transformer. 
Signals received on the grid of the common 
transmitting amplifier are amplified and passed 
to line via the adjustable non-reactive artificial 
cable. It is therefore possible to control the 
power level at the sending end. 

At the receiving end of the line the incoming 
oscillations are passed to the grid of the common 
receiving amplifying valve via a line trans- 
former, potentiometer calibrated in  T.U.'s 
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(0-10), and an input transformer. From the 
anode of this valve the amplified oscillations are 
passed to their respective band filter via the 
secondarv of an output transformer in the anode 
circuit. The six filters are connected in parallel. 
Across the output end of each filter there is a 
potentiometer so designed that for each step, 
one eighth of the filter output can be passed to 
the receiving unit. After passing through the 
relative filter the oscillations reach the grid of 
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impulse in the secondarv in the reverse direction, 
and the relay is operated accordingly. The re- 
lay is so arranged. in the circuit that the impulse 
generated during the rise of current operates it 
in the“ marking "' direction. It follows there- 
fore that the impulse generated during a decrease 
of current will operate the relay in a“ spacing 
direction. Signals are passed to the telegraph 
office from a local battery via the relay tongue, 
galvanometer and an adjustable rheostat. The 
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Fic. 7.—Sciematic DIAGRAM OF SYSTEM. 


the amplifying valve of the particular receiving 
unit via an input transformer. This valve is 
transformer-coupled to a rectifving valve, in the 
anode of which is the primarv of a transformer, 
the secondary being closed by a telegraph relay. 
A bye-pass condenser is connected across the 
primary of the transformer in order to pass the 
A.C. component of the rectified current. Rise 
of current in the primary of the transformer 
generates an impulse in the secondary, and the 
relay, which is normally set neutral, is actuated. 
Decrease of current in the primary generates an 


positive and negative voltages for the relay con- 
tacts are supplied from an earthed battery. 

Speed Trials. Two complete sets forming the 
necessary equipment for two ends were made by 
the General Electric Company and, after satis- 
factory acceptance tests had been carried out, 
were installed in the Repeater Room Trunk 
Exchange, London, and the Telephone Repeater 
Station, Leeds. 

A four-wire circuit was provided with repeaters 
at London, Fenny Stratford, Derby and Leeds, 
details of which are given in Tables 1 and 2. 
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TABLE No. 1. 


CIRCUIT DETAILS. 


Pairs 
и ыа ыы "—M Cable. Type and Loading. Miles. 
Go Return. j 
„ os um pee 
103 104 London-Derby. 20lbs. Side Circuits | 127-474 
45 46 Derby-Leeds. loaded with 78 mH. 69.538 


coils. 2000 yds. 
spacing. 


Taste No. 2. 


REPEATER SETTINGS. 
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With the circuit so lined up, a zero loop 
provided for transmission between London 
Leeds and a small loss between Leeds 
London. 

As the phantom of this circuit was already in 
use, a temporary two-wire circuit was allocated 


was 
and 
and 


as a telephone speaker during the trials. 

The output of the Voice Frequency sets at 
London and Leeds was adjusted to 0.2 volts per 
channel. The several adjustments under these 
conditions to give a rectified current of approxi- 
mately 10 m-Amps are shown in Tables 3 and 4. 


'TABLE No. 3. 


VOICE FREGUENCY SETTINGS AT LONDON. 


Tuning Volts sent Filter Filter Output Rectified 
Channel. Fork Output to Home Output Potentiometer Current 
Volts. Repeater. Volts. Setting. Milliamps. 
E 0.31 0.2 0.35 5 10 
2 0.27 0.2 0.35 6 II 
3 0.28 0.2 0.35 5 10.5 
4 0.28 0.2 0.32 5 II 
5 0.28 0.2 0.34 5 II 
6 0.29 0.2 0.32 6 10 


Total Volts sent to Home Repeater 20.48 Volts. 
Total Volts received from Home Repeater=o0.32 volts. 


Output from receiving master amplifier = 1.56 volts. 
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TABLE No. 4. 


VOICE FREQUENCY SETTINGS AT LEEDS. 
| [ | | 


Tuning ; Volts sent 
Channel, | Fork Output | то Home 
| Volts. | Repeater. 

I 0.28 0.2 

2 0.28 0.2 

3 0.29 0.2 

4 0.27 0.2 

5 0.26 0.2 

6 0.27 0.2 


Total volts sent to Home Repeater —0.475 volts. 


Filter | Filter Output Rectified 
Output | Potentiometer Current 
Volts. Setting. Milliamps. 

E |- „ешн SE I —— 

0.68 5 10.5 

0.52 Š to 

0.61 5 10 

0.60 E II 

0.59 5 тт 

0.53 | 5 10.5 


Total volts received from Home Repeater —0.48 volts. 
Output from Receiving Master Amplifier 22.4 volts. 


Settings Common to both ends. 

АП Filament Currents 0.83 amps. 

Fork Magnet Polarising Current 25 milliamps. 

Attenuating Network at Sender Output 

3 T.U.’s. 

Receiving Potentiometer 2 T.U.'s. 

Wheatstone trials were first carried out at both 
ends, using P.O. type Wheatstone Transmitters 
and Receivers, a shunted condenser of 24V. and 
2000 ohms being connected in series with the 
coils of each receiver: 

Slip was run continuously on each channel for 
one hour, with all other transmitters running 
reversals and occasional slip. Good signals 
were received on each channel at 100 w.p.m. 

Trials were next carried out, using Creed 
Perforators and Printers under the same condi- 
tions as before. On each channel“ Creed " 
working was obtained at 100 w.p.m. 

The set made by the General Electric Co. and 
described in this article is the first of its kind to 
be installed and, with the exception of the 
Siemens Halske system, which is working be- 
tween London and Manchester, is the only 


svstem of voice frequency multiplex telegraphy 
at present used in this country. 

The possibilities of voice frequency telegraphv 
are varied, and its applications are numerous, 
but it is considered that these questions do not 
come within the scope of the present article. It 
may be mentioned, however, that it is possible 
to work a single channel system (on 20 lh. loaded 
underground conductors) at 300 words per 
minute, and at the other end of the scale, by 
closing up the filter bands, a twelve channel 
svstem giving about 60-70 words per minute per 
channel could be used. The first should prove 
useful where high speed working is required on 
small gauge underground conductors, whilst the 
second is essentially suited for start-stop tele- 
graph systems. 

In conclusion, the authors would like to thank 
Colonel T. F. Purves and Mr. S. А. Pollock for 
permission to use certain information contained 
in this article, and thev are also indebted to Sir 
W. Noble and Capt. Hannam-Clark, of the 
General Electric. Co., for the loan of photo- 
graphs and diagrams. 
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CARRIER CURRENT TELEPHONY. 


A. C. Tluuls, B.Sc., A.M.I.E.E. 


I.—HisroRICAL. 

NDER the inaccurate but expressive name 

ef ‘‘ wired wireless " the system ef 

telepheny er telegraphy new described 
as carrier current werking was generally knewn, 
though net used cemmercially, fer seme years 
befere the war. Immediately after the war rapid 
develepments teek place in America, Germany 
and this ceuntry, fer verv different reasens. 

In the U.S.A. there are many leng telephone 
lines en which the value of an extra channel ef 
cemmuncatien is sufficient te justify the use ef 
very expensive terminal equipment. 

In Germany, fer seme time after the end of 
the war there was a serious shortage of copper 
and an urgent demand fer new circuits which 
could be met enly by using the carrier current 
system en existing aerial lines. The extensive 
system ef undergreund cables and repeater 
statiens which new cevers Germany has re- 
placed practically all these carrier circuits. 
They were enly ecenemical as a means ef tiding 
ever a special difficulty. 

In this country alse it is, in general, mere 
economical te provide the longest circuits by 
means ef cables and repeater statiens than by 
superposing carrier channels on the aerial 
lines. There are, hewever, special cases where 
the traffic does net justify laying a cable er 
where fer some reasen the cost of a physical 
circuit is unusually high. Fer instance, the cest 
of a submarine cable between England and the 


Centinent is sufficient te justify very expensive 
terminal apparatus in erder te provide additienal 
circuits by means ef carrier werking. At the 
present moment there are 1o carrier telephene 
circuits werking en aerial lines in Great Britain. 
They vary in length frem бо te 200 miles. 

Recently a special lew frequency carrier system 
has been developed fer use en centinueusly 
loaded paper cere submarine cables ef the type 
in use between England and the Centinent, 
and schemes are new in hand for werking carrier 
circuits en ether submarine cables. А special 
tv pe of cable has been designed fer multi-channel 
carrier working ever censiderable distances. 

In France and elsewhere en the Centinent 
carrier werking en aerial lines has been intre- 
duced with success by the Internatienal Standard 
Electric Cerperatien (using American seurces ef 
inspiratien). А carrier circuit has the great 
advantage that it is cemparatively unaffected by 
induction from power lines. "This inductien is 
beceming a serious difficulty en leng aerial lines 
on account ef the rapid grewth ef high veltage 
power distribution systems, especially on the 
Continent. 

In Germany and America carrier current 
telephony is being increasingly used fer cem- 
municatien over power lines, the telephene 
system being ceupled te the high-veltage wires 
bv means ef special condensers, or a wire run 
for a few spans underneath the pewer wires. 

In America progress has been very rapid. 
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About 200,000 channel-miles of carrier telephone 
circuits are working on aerial lines, and in many 
cases three channels of carrier are worked on one 
physical circuit in addition to sub-audio tele- 
graphs, etc. А six-channel carrier telephone 
system is working on a single core submarine 
cable across the Catalina Channel.“ This con- 
stitutes the highest development of carrier current 
telephony, as far as the writer is aware, and has 
been made possible by the American Telegraph 
and Telephone Co.’s patented system of '' single 
side band ”’ working. 

As regards carrier telegraphy, although it is 
technically a simpler matter than carrier tele- 
рһопу, no circuits have been tried as no demand 
has arisen in this country. It has recently been 
proposed, however, to use carrier telegraphy on 
several of the cross-channel cables. In America 
a large number of carrier telegraph circuits are 
in use. 


II.—GENERAL PRINCIPLES. 

In a paper read before the I.P.O.E.E. by 
Taylor and Bradfieldt the general principles of 
carrier current telephony were briefly explained. 
It is necessary, therefore, only to generalise and 
extend the information there given as regards 
recent developments in the art. 

The essential difference between carrier current 
telephony and wireless telephony ог broadcast- 
ing is in the medium used for transmission. In 
both cases a carrier current is modulated (7.e., 
made to vary in amplitude in accordance with 
speech) at the transmitting end and demodulated 
or '' detected "' at the receiving епа. 

In the case of line transmission, however, the 
carrier frequency is generally much lower and 
the well known laws of transmission at audio 
frequencies apply strictly. The so-called con- 
stants of the line must of course be known for 
the frequency in question. Inductance and 
capacity do not change appreciably, but in the 


Carrier Current Communication on Sub- 
marine Cables,” by Н. W. Hitchcock. Bell 
Telephone Laboratories. Reprinted B.222, 
Nov., 1926. 


t "Some Experiments on Carrier Current 
Telephony," by C. A. Taylor and R. Bradfield. 
I.P.O.E.E. Paper No. 86. 


case of open lines and cable circuits the resist- 
ance and leakance increase rapidly in the 
ordinary carrier frequency range of 7 to 30 
kilocycles. Cross-talk, or over-hearing, be- 
comes much more serious than at audio fre- 
quencies. In some cases this effect is so pro- 
nounced that at certain frequencies the attenua- 
tion of a circuit may be doubled or trebled by 
the absorption of energy through cross-talk to 
another circuit. 

The attenuation of cable circuits at carrier 
frequencies is much higher than that of aerial 
circuits, and coil-loaded cables of the type 
generally used for telephony are out of the 
question for carrier working. 

By using carriers of different frequencies 
several channels of communication may be 
superposed on the same physical circuit, and 
prevented from interfering with each other by 
the use of filters. Unfortunately, owing to the 
lower frequencies which must be used, this 
separation cannot be accomplished by means of 
simple tuned circuits such as those used in wire- 
less telephony. To explain this, it is necessary 
to consider in some detail what is involved in a 
modulated carrier current. 

If we send to line a steady A.C. at a fre- 
quency of, say, 10 kilocycles and demodulate or 
“detect "" it in the ordinary wav, nothing will 
be heard in the receiver. But if the amplitude 
of the ro kilocycle carrier be varied sinusoidally 
at a frequency of, say, 1000 cycles, a note of this 
frequency will be heard in the receiver. At 
first sight it would appear that the line current 
is simply an A.C., having a constant frequency 
of 10 kilocycles but a varying amplitude; so that 
the receiver could be tuned very sharply to 10 
kilocycles and be unaffected by another carrier 
frequency of, say, 10.5 kilocycles. This is a 
fallacy, as can be shown very simply: Let A 
sin Ө} represent the unmodulated carrier whose 
amplitude is to be varied in accordance with an 
audio frequency, sin фё, between the limits 
А (1+) апа А (1-й), k being less than т. 

The modulated wave will be: 

A sin 6L (1 +k sin ol) 
=A sin t+ Ak sin Ө sin Ql 


* Ak , 
=A sin ôt- PT coe (6-9) * cos (f - Ф) 
2 2 


= carrier + upper side band + lower side band 
(carrier + audio) (carrier - audio) 
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That is, reverting to the numerical example 
above, the line carries a frequency of ro kilo- 
cycles and in addition frequencies of 9 kilocycles 
and 11 kilocycles : —the lower and upper side 
bands respectively. 

Therefore the tuning of the receiver must be 
broad enough to cover the range from g to II 
kilocycles, which is twice the audio frequency. 
It is bevond the scope of this article to attempt 
a complete mental picture of what happens when 
a carrier wave is modulated, but it is essential 
to realise that amplitude cannot be changed at 
апу finite rate without entailing a change of 
frequency, and vice versa. This change of fre- 
quency and amplitude is exactly equivalent, 
electrically, to the addition of the side bands. 

If we take the highest audio frequency re- 
quired to be transmitted as 2500 cycles, the 
essential frequencies to be transmitted will 
occupy a range of 5000 cycles, and the difference 
between two carrier frequencies to be trans- 
mitted on the same line must be somewhat 
greater than 5000 cycles. It will be evident that 
the necessary selectivitv cannot be obtained so 
simply as in the case of wireless broadcasting. 
In practice, band filters are always used to 
separate the different carriers, and the number 
of such carriers is very limited. 

There are, broadly, two methods of super- 
posing carrier circuits (or channels) on a physical 
circuit, which may be called the “ balanced ” 
and the '' grouped " system, respectively. In 
either case, filters must be provided to separate 
the audio from the carrier channels, and the 
latter must be arranged for two-way working in 
order to be used as commercial telephone 
circuits. 

When the balanced system is used, the same 
carrier frequency is employed for transmitting in 
each direction and interaction between the trans- 
mitter and receiver at each end of the line is 
prevented by a differential transformer and line 
balance, exactly as in the case of audio two- 
way repeaters. 

In the grouped system different frequencies 
are used in the two directions, and interaction 
between transmitter and receiver is prevented by 
filters. 

The balanced system has the advantage that it 
only uses one frequency per channel, and more 
channels can therefore be worked within the 


ordinary range of, sav, 7 to 30 kilocycles. On 
the other hand very accurate balancing, or 
simulation of the line impedance, is necessary 
and the system is only practicable оп com- 
paratively short and uniform lines. The grouped 
svstem can be applied to longer lines and 
uniformity is not so important. But, other 
things being equal, only half as many channels 
can be superposed on one physical circuit, as 
compared with the balanced system. Further, 
a carrier circuit using the same or different fre- 
quencies for the two directions may be divided 
between two physical circuits, one being used as 
a '' go " and the other as a “© return.” This is 
the equivalent cf a four-wire telephone circuit. 
The application of either system of carrier 
working is facilitated by the use of single side- 
band working. This system, originated by J. 
R. Carson, of the American Telegraph and Tele- 
phone Co., is an inspiring example of the direct 
application of high mathematical analysis to the 
solution of an engineering problem. Stated 
very briefly the system is as follows : —Modula- 
tion of the carrier is effected in such a way that 
the two side bands (see above) are produced with- 
out the carrier frequency. One side band is then 
filtered out, and only the other side band trans- 
mitted over the line. At the receiving end this 
side band is added to a locally generated carrier, 
of the right frequency of course, and made to 
reproduce the original speech or other modulat- 
ing frequency. By this means the width of the 
frequency band required for each channel is 
approximately halved, and certain difficulties 
which arise when carrier and side bands are 
transmitted in the usual way disappear. It is 
not proposed to deal with this system in detail, 
however, as the main purpose of the present 
article is to describe some of the research work 
recently undertaken bv the British Post Office in 
connection with ordinary carrier working. 


» 


I1 T.— TRANSMISSION. 

The characteristics of aerial lines, paper-core 
cables, and G.P. cables at carrier frequencies 
have been measured in this country and in 
America. A paper read before the A. I. E. E. in 
1021 by Colpitts and Blackwell* contains much 


Carrier Current Telegraphy апа Tele- 
phony." 
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valuable information, which is confirmed and 
extended in an article by Affel, Demarest and 
Green in the Bell Technical Journal, July, 1928. 
Measurements recently made here agree fairly 
well with the American results, allowance being 
made for the different type of line construction. 
Fig. 1 gives the attenuation-frequency chatacter- 
istic of an aerial line (twist system throughout) 
between Taplow and Plymouth, a distance of 200 
miles. The measurement was made on a fine 
summer night. The same line was also 
measured when the conditions of humidity were 
extraordinary, even for our much-abused climate, 
and the attenuation was almost doubled. Such 
an effect is fortunately rare. The conditions 
were so bad, in fact, that the ordinary aerial 
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trunks were noticeably affected. For aerial 
lines of such a length that carrier working is 
economical it is generally impracticable to use 
frequencies much above 30 kilocycles. This 
limit does not necessarily apply to cables, how- 
ever, where the cross-talk may be very much 
less, though the attenuation is generally much 
higher. 

The factors governing the attenuation of cable 
pairs will be dealt with in some detail, as they 
have been fully investigated with a view to 
designing submarine cables on which carrier 
working may be possible over considerable 
distances. 

The four constants, К, L, G and C, were 
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determined from impedance measurements on 
short lengths of cable (30 to 180 yards) with the 
far end of the tested pair open and closed. Two 
measurements at each frequency were therefore 
required. As the lengths were extremely short, 
electrically, the closed impedance could be taken 
as (К + joL) x length and the “ open ” impedance 
G * Co 

length ` 
J. б. Hill's “ Telephonic Transmission," p. 
246. Тһе measurements were made bv a sub- 
stitution method, using a bridge of verv high 
quality, with a heterodyne detector unit in 


as A proof of this will be found in 
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place of the usual telephone receiver. This was 
adjusted to give a balancing note of about 1000 
cycles. It was found essential to use the 
Wagner earthing device, which enabled the 
detector to be brought to Earth potential at each 
balance of the bridge, but no specially elaborate 
screening arrangements were used. The resist- 
ance, which proved to be the most important 
factor determining attenuation at high fre- 
quencies, was generally a matter of two or three 
tenths of an ohm, and great care was necessary 
to measure it accurately. 

Similar measurements were made in 1922 by 
Messrs. Taylor and Bradfield, using only то ft. 
of submarine cable. Their method was different 
in detail but the results agree very well with 
the recent measurements now being described. 
Curves showing R, L, G and С for some typical 
cases are given in Fig. 2 (a, b, and c). These 
results have been verified bv direct measurement 
of the attenuation of various cables in situ. 

Two important facts emerge from these 
measurements : —(1) At frequencies over 6 or 7 
kilocycles the characteristic impedance of any 
cable pair becomes approximately non-reactive. 
The same thing also applies to aerial lines. 
(2) The rise of effective resistance with frequency 
is verv rapid, on account of the skin effect in 
solid conductors and eddv current losses in the 
sheath or (in the case of submarine cables) the 
armouring and surrounding sea water. The 
rise of resistance with frequency is shown by the 
curves for R in Fig. 2. 

It is evident that the attenuation of cables at 
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high frequencies can only be reduced to manage- 
able values by reducing effective resistance. 
The skin effect can be almost wiped out by 
making the conductor of 3” strands, in what is 
known as“ Litz " formation. Three wires are 
first stranded together. This group of three is 
stranded with two similar groups, and so on. 
(Obviously the number of strands must be a 
power of 3). The effect is that each strand 
occupies in turn all possible positions from 
centre to outside. It was thought that the in- 
crease of resistance in a Litz conductor would 
be merely that corresponding to one strand. 
But it was found, at anv rate for carrier fre- 
quencies, that this is only true for conductors of 
81 strands or more. 

The next lower number possible (27) is very 
nearly as efficient and not impracticable from the 
point of view of size and jointing. 


lig. 3 shows the relative efficiency of 1, 9, 27 
1 


R? . | . 
and 81 strands. , is the ratio of total resist- 


R 
ance to D.C. resistance, and the total 
weight of the conductor is 350 lbs. per 
mile in each case. For the same weight a 
Litz conductor has the disadvantage of 
greater diameter than a solid conductor, or one 
stranded with parallel wires as is usual in sub- 
marine cables for mechanical reasons. The 
greater diameter means increased capacity and 
eddy current losses in the sheath. To decide 


CARRIER CURRENT TELEPHONY. 281 


whether the advantages of Litz conductors 
would outweigh their disadvantages, two lengths 
of paper-core lead-covered cable were made up. 
One contained four conductors in star quad 
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formation, each having 27 strands of No. 26 
S.W.G. The other was similar as regards 
formation, thickness of paper, etc., but contained 
solid conductors of the same weight—-160 Ibs. 
per naut. Fig. 4 shows R and f for both these 
cables, and the advantage of the stranding 15 
evident at high frequencies. 

The laws governing these eddy current losses 
are still verv obscure, but certain facts are clear; 
e.g., the closer the conductors and the greater the 
diameter of the sheath the less the eddy current 
loss. In the case of G.P. submarine cables the 
Litz conductor is essential for reasonable high- 
frequency attenuation, but the type of sheathing 
also has a very important effect. Гог instance, 
the brass tape usually wound over the core 
to prevent damage by the teredo worm is 
responsible for most of the resistance rise. 

In co-operation with Messrs. Siemens Bros., 
many different tvpes of armouring have been 
tried. The most surprising of all the results was 
that a cable covered with steel armouring wires 
and no brass tape gave a lower attenuation than 
the same cable unarmoured ; both being tested 
immersed in salt water. 

Vig. 5 shows the attenuation, calculated from 
measurements of R, L, G and С on a short 


length of a Balata cable, 
armoured, no brass tape. 

The matter cannot be discussed in more detail 
at this stage, but the position may be summarised 
thus :— 

(1) For lead-covered cables (land or submarine) 
conductors formed of 27 strands in Litz forma- 
tion and stranded into a star quad, with suitable 
thickness cf paper insulation, will give reason- 
able attenuation at carrier frequencies up to 30 
kilocycles or more. 

(2) In cases where G.P. cables must be used, 
similar conductors, armoured but not covered 
with brass or other metallic tape, are indicated. 
Balata would generally be used, except at the 
shore ends, instead of G.P., as the dieletcric 
losses are much lower at audio and somewhat 
lower at carrier frequencies. The risk of 
damage by teredos varies greatly in different 
waters. То meet cases where this risk is con- 
siderable, various forms of protection which will 
not increase the eddv current loss are being con- 
sidered. 

Continuously loaded cables.—The attenuation 
of continuouslv loaded cables increases rapidly 
as the frequency is increased from about three 
kilocvcles, mainly owing to eddv current losses 
in the loading material. A typical attenuation- 
frequency. curve (taken from the Anglo-Dutch 
No. 3 cable) is shown in Fig. 6. It was evident 
from measurements of this kind, together with 
cross-talk measurements made at carrier fre- 
quencies with a special amplifier, that onlv a 
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relatively low carrier frequency could be used on 
the continuously loaded cables between England 
and the Continent. Taking 2500 as the highest 
frequency for good speech, and a carrier fre- 
quency of 6000, the lower side-band extends 
down to 3500, leaving a margin of 1000 cycles 
between the audio and carrier channels. It has 
been found quite practicable to work with a 6000 
cycle carrier, and the system is now emerging 
from the experimental stage. The arrangement 
of the apparatus will be described in the next 
section. 
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IV.—APPARATUS. 


The apparatus at present in use for carrier 
telephone circuits on aerial lines in this country 
is a somewhat improved version of that described 
in Taylor and Bradfield’s paper, referred to in 
Section II. This apparatus is giving satisfac- 
tory service for single channel working, but the 
design of improved sets, using high-frequency 
filters and adaptable for two-channel working, 
is now in hand. For carrier working on con- 
tinuously loaded cables at a frequency of 6000, 
special arrangements are necessarv to obtain a 
satisfactory separation of the audio and carrier 
channels. High-pass and low-pass filters are 
used at both ends. At the transmitting end a 
special form of modulating circuit is used to 
separate the audio from thecarrierfrequency. In 
view of the high line attenuation to be dealt with 
(over 40 S.M.) there is perforce an unusually 


great difference of level between the carrier and 
the physical circuit, and it would be a difficult 
matter to provide the necessary separation by 
means of filters alone. Special precautions have 
to be taken to prevent audio to carrier cross-talk 
through the repeater station common batteries 
supplying filament and anode current to the sets. 
The general arrangement is given in Fig. 7, 
which shows the apparatus for one carrier circuit 
superposed on one quad of the cable. Three 
physical circuits are working ; two sides and one 
phantom, with two-wire repeaters. The carrier 
is worked as a four-wire circuit, the“ со” on 
one side circuit and the“ return "' on the other. 
One end of the cable only is shown. The other 
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is exactly similar, except that modulator and 
demodulator are interchanged. The audio 
extensions of the carrier may be connected to a 
four-wire circuit on the land side, or combined 
bv means of the usual differential transformer to 
form a two- wire circuit. Considering the physical 
circuits first: These have been shown as two-wire 
repeater circuits because most submarine cable 
circuits are worked in this way. In the case of 
four-wire circuits the problem is simplified by 
the absence of balances. An impedance adjust- 
ing network (Z in the figure) is inserted in each 
cable pair to make the impedance approximately 
non-reactive. The HP and LP filters are so 
designed that the whole arrangement viewed 
from the line side of the terminal transformer 
has an impedance which is very nearly non- 
reactive over the audio frequency range. The 
repeater on each side circuit is therefore balanced 
(on the cable side) by a simple resistance con- 
nected through a transformer corresponding to 
the terminal transformer. The phantom circuit 
repeater is balanced by a network containing 
inductance. If signalling is by means of voice 
frequency currents, there are no difficulties, but 
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in some cases 16-cycle or 25-cycle ringing is still 
used. Certain modifications have then to be 
made in the impedance adjusting networks to 
allow the low frequency currents to pass. 
Signalling over the carrier circuit must be done 
by voice frequency currents. 


Tuning Fork Gent 


Fic. 8. 


The carrier current is generated at each end 
of the cable by a 6000 cycle valve-maintained 
tuning-fork, which supplies all the carrier 
channels. It is found that the carrier frequencies 
at the two ends must not differ by more than 
2 or 3 cycles per sec., but no difficulty is antici- 
pated in this respect in view of the exteme 
constancy of which tuning-fork generators have 
been proved capable. 

'The arrangement of the moeulator is shewn in 
Fig. 8. Speech entering at А is amplified 
by the valve 1 and varies the voltage across 
modulating choke 2. This variation of volt- 
age controls the carrier output of valve 3 
(to the grid of which carrier frequency is 
supplied through the transformer 3) in accord- 
ance with the speech. Valve 4 is arranged to 
act, through the transformer 8, to balance the 
audio-frequency effect by which the speech 
currents tend to pass straight through the modu- 
lator, with amplification, and so to line. The 
valves 6 and 7 act simply as a push-pull ampli- 
fier of the modulated carrier, which then passes 
through the Н.Р. filter to line. The discrimina- 
tion between audio and carrier frequencies 
afforded by the balancing valve (4) and the Н.Р. 
filter is such that cross-talk from the carrier to 
the physical circuit is better than 80 S.M. The 
normal carrier current sent to line is about 15 
milliamps, and the modulation factor 50% for 
ordinary speech. The main object in using a 
push-pull amplifier is to improve the balance to 
earth of the output transformer. If a balanced 
and screened output transformer is used with 
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one half of the primary left disconnected at the 
outer end, a single valve, or two valves in 
parallel, may be used for the amplifier with 
satisfactory results. 

The modulating choke is shunted by a con- 
denser and the combination forms a parallel 
resonant circuit having a high impedance over 
the audio frequency range. The 230,000 ohm 
resistance cuts down the effective anode voltage 
of valve 3 to a suitable value for modulating. 
Carrier. frequency is supplied through the 
balanced-and-screened transformer 5 to the 
grids of the transmitting valves on each carrier 
circuit, all the grids being in parallel. Inter- 
ference is avoided by adjusting the grid bias so 
that grid current never flows, and by the use of 
'* neutrodyning ° condensers where necessary. 

'The demodulator, or carrier receiver (Fig. 9) 
consists of an amplifier valve (1), followed by a 
rectifying valve (2), which is primed to act as a 
bottom-bene rectifier. "The output from trans- 
former 3 consists of audio frequency with a 6,000 
cycle ripple. This is practically eliminated by 
the line, or the normal filters used in two-wire 
repeaters, in most cases. Otherwise, а Г.Р. 
filter is connected in the output circuit. 


э 


The efficiency of the rectifying circuit can be 
improved by using two rectifiers joined in the 
well-known manner to give full wave rectifica- 
tion, and in this case the ripple has a frequency 
of 12,000 cycles, which facilitates filtering. In- 
cidentally, a Westinghouse metal rectifier, con- 
sisting of four elements arranged in bridge 
fashion for full wave rectification, was found to 
give satisfactory results. In this case also the 
frequency of the ripple was 12,000 cycles, in 
consequence of the full wave rectification. 

No details of battery supply to the filaments 
have been shewn in the diagrams, since the exact 
arrangement depends on the batteries available, 
but in practice the ordinary repeater station 
batteries are used for heating and anode supply. 


T 
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Where the grids cannot be primed from resist- 
ances in the filament circuit primary cells are 
used. 

In applving this carrier system to such cables 
as the Anglo-Dutch and Anglo-Belgian, where 
the carrier attenuation is about 40 S.M., there 
are four main difficulties to be overcome :— 

(1) Battery cross-talk between one carrier 


current and another, and between 
carrier and audio. 


with the speech on the physical circuit. 
(4) Carrier to carrier cross-talk between 
different quads of the cable. 

Of these difficulties the first was overcome by 
special smoothing arrangements in filament and 
anode circuits. The second and third fortun- 
ately proved of insufficient magnitude to cause 
much trouble. The last has proved the most 
serious, since it 1s governed almost entirely by 
the construction of the cable, and very little can 


be done to improve matters after the cable is 
laid. X trial under working conditions is the 
only sate method of deciding on which of the 
quads in a large cable the system can be worked 
satisfactorily. 

The same type of apparatus will shortly be 
applied to single and double channel carrier 
working on aerial lines and possibly unloaded 
cables. where higher carrier frequencies can be 
used; but at present all the indications point to 
submarine cables, of the unloaded or con- 
tinuously loaded type, as the most promising 
field of development. 


(2) Cross-talk from carrier to audio due to 
the non-linear magnetic characteristics 
of the loading material, which tends 
to rectifv the carrier currents and 
make them audible on the physical 
circuit. 

(3) Cross-talk from audio to carrier, due to 
modulation of the carrier current bv 
speech currents, the latter varying the 
permeability of the loading material 
and hence the attenuation of the carrier 
current, so modulating it in accordance 
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TELEPHONE REPEATERS AT NEW DELHI. 


N. F. FROME. 


NTRODUCTION.—The small cord circuit 
telephone repeater installation described in 
the following account is that of the repeaters 


in use in the New Delhi trunk exchange. The 


apparatus includes one or two novel circuit 


arrangements which are illustrated in the 


diagrams. Examples of typical line and net- 
work impedance curves are shown. 


Fic. 1.—Gernerart view. Corp Circuit REPEATERS. 


Repealers.—The repeaters are of the General 
Electric Company's type No. 124 (Fig. 1). They 
are installed in the test room (described in Vol. 
XX., Part 3, page 163), which is adjacent io 


the trunk exchange. One or two small modifica- 
tions have been introduced on the repeater bay, 
viz.— 

(1) The filament circuit is operated from the 
40 volt trunk exchange battery instead 
of from the usual 24 volt battery. 

(2) Lamps have been fitted in the potentio- 
meter relay circuits to light in con- 
junction with the relays and indicate 
the step on which the repeater is being 
worked. The latter addition enables 
the test room staff to keep a constant 
watch on the repeater operation. 


Cord Circuits.--lVig. 2 shows the repeater 
cord circuit which is designed to operate in 
conjunction with the cordless trunk switchboard. 
The latter is of a semi-automatic type in which 
connections are set up in relay selection circuits 
bv the operation of selection keys and kev- 
controlled link circuits. The repeater link 
switchboard fittings are exactly similar to those 
of the ordinarv links with the addition of the 
potentiometer keys. Control’ keys are used 
for line selection and designation. Ring, ’ 
Split, and ''Speak " keys for ringing. 
temporarily terminating through calls, and 
speaking, respectively. А repeater call is set 
up as follows :-—As а result of throwing the 
“ Control " kev CX, and pressing the selection 
kev of a particular line, the line is connected 
to NT, NR, and XS; relav (9) is operated over 
the tens and units locking wires, relay (t) is 
energised and connects the line through to the 
X side of the repeater. The second line con- 
nection is similarly made using the CY kev, 
relavs (10) & (6) operate, completing the second 
line circuit to the Y side of the repeater. The 
filament start relav is energised via the contacts 
of (9) and (то), the lamp TSL indicating to the 
operator that the filament circuit has been 
completed. 

The operation of the “© Speak ” kev closes the 
circuit of relav (15) and connects the operator’s 
telephone set to the monitoring winding of the 
repeater. To speak to one terminal station 
only, the “© Split ° kev is thrown to SX or SY, 
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Fic. 2.—REPEATER CorD CIRCUIT. 


operating relay (4) or (5) connecting the opera- 
tor’s telephone set to the one line. At the same 
time the repeater cut-off relay is energised, and 
the input transformers short-circuited, while 
relays (17) or (18) opens the circuit of (1) or (6) 
as the case тау be. 

Outward ringing on the X line results from 
the operation of the RX key and relays (3) and 
(2). Relay (3) in energising releases (1) dis- 
connecting the repeater, and operates the 
repeater cut-off relay. Similarly RY controls 
the outward ringing to the Y line. 

For inward ringing and supervision, relays 
(11) and (12) are arranged to respond to the 
incoming 16 cycle ringing current. Relay (13) 
is energised by (11) and locks to an earth on 
relav (16), at the same time lighting the super- 
visory lamp XSL. (13) is released by the 
operation of (15) and (16) as the operator 
answers. The Y side supervision is operated 
in a similar manner. 

It will be noticed that in this link circuit all 
speech path connections are made through 
multipled contacts on special relays. The latter 


are the North Electric Company's“ Units ” 
relays, which have an arrangement of springs 
giving a wiping contact. (See Fig. 3). This 
special provision has been found to be necessary 
to ensure that the efficiency of the repeaters is 
not decreased by contact losses in the auxiliary 
apparatus. The ordinary relay contact is liable 
to give trouble from the effects of the dust which 


PHOSPHOR BRONZE. 
SPRINGS 


'ADTUSTING 
SCREWS 


is very prevalent in the plains of India, and 
experience has shown that in reducing the num- 
ber of dirty contact faults the doubled wiping 
contact is by far the most successful system. 
Network Selection Apparatus.—Simultane- 
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ously with the connection of the line to the 
repeater link the associated balancing network 
is automatically connected to the ‘ Balance“ 
side of the repeater. X schematic diagram ot 
the network selection circuit is shown in Fig. 4, 
the apparatus itself being seen on the right of 
the network rack in Fig. 5. The operation of 
the circuit is as follows: — 

When the repeater link '' Control ° key is 
thrown to the X side, the control relay in the 
line selection circuit is energised and one of its 
contacts is used to operate the DLX relay in the 
net selector. The contacts of DLX are arranged 
to connect thirty DL wires through from 
the line selection apparatus to the network 
relays. As the selection key en the switchboard 
is pressed, the DL wire of the line selected is 
earthed, the corresponding net relay (NR) is 
operated by that earth and locks to an earth 
on relay (9) in the repeater link. After selec- 
tion, the '' Control " and '' Selection" keys 
are normalled, and relay DLN is released. The 
operation of the network relay connects the line 


balance to the X “Balance” side of the repeater 
and also lights a lamp on the switchboard, over 
the line equipment concerned, to indicate to the 
operator that the network has been correctly 
selected. The Y side connection is made in a 
similar manner bv the operation of DLY and 
the net relay in the Y group. 

Release :—With the release of the repeater 
link, relays (g) and (10) are de-energised and the 
net relays are released. The relays used in the 
network selection circuits are the Units ” 
relays previously mentioned, thirty-two point 
“ Tens ” relays being used for DLX and DLV. 

Balancing Networks——The balancing net- 
works are built up on the unit principle. The 
units of the network are mounted on a rack as 
shown in Fig. 5, and cabled via a jumpering 
field on the rack to break-jack strips fitted on 
the trunk line test board. The cables terminate 
on the outer springs of the break-jacks, the 
inner springs being wired to tag-blocks in the 
test board as shown in Fig. 6. Jumpers 
on these tag-blocks cross-connect the network 
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units as required for permanent line arrange- 
ments ;—-Fig. 6 illustrates the jumper connec- 
tions on a composited line. For temporary line 


remove or introduce the composite balancing 
units as required. For example,—a patch-cord 
from ‘Sel B" to РХВК ” and the second 


arrangements patch-cords plugged into the jacks cord from * PXBL” to "LB" take the 
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composite set and ringer balances out of 
circuit. 

Fig. 7 shows a complete network on a 
composited line. The exchange balance “ЕВ” 
in the leads from the repeater to the net selector 
balances the repeater link apparatus and ex- 
change cabling, the remaining units in the chain 
balancing the various line apparatus. The line 
balance shown is of the “© parallel ’’* type, the 
actual values of the components of a typical 
balance being given in Fig. 8. The latter 
diagram and Fig. 9, illustrate typical impedance 
curves of a composited trunk with and without 
its auxiliary apparatus. The curves in Fig. 8 


* “Testing of Telephone Circuits and Apparatus 
with Alternating Curents," by E. S. Ritter 
and G. P. Milton, I.P.O.E.E. Paper No. 110. 


are plotted from measurements made with a 
capacity A. C. bridge from the“ Line“ jack of 
the trunk line test board and the“ LB“ jack of 
the balancing network. Those in Fig. 9 are 
measured from the Line " and '' Balance“ 
jacks of the repeater and indicate the degree of 
balance with all apparatus in circuit. 
Singing-point tests taken on the line illus- 
trated show a singing-point above the gain 
figure obtained on the fourth step of the 
potentiometer, i.e., something over r5 T.U. As 
a check on balance conditions, singing point 
tests are made as a matter of routine in addition 
to the usual voltage, current, and gain measure- 
ments, etc., while special attention is paid to 
the operation and testing of auxiliarv apparatus 
owing to the importance of the latter in the 
working of single long distance trunks. 


THE ROUTINE TRANSMISSION TESTING OF SUBSCRIBERS' INSTRUMENTS 
AT THE EXCHANGE AND AT THE SUBSCRIBERS' OFFICE. 


A. Hupson, B. Sc., A. C. G. I. F. C. 


NTRODUCTION.—In the July, 1924, num- 

ber of this Journal a description was given 

of apparatus, called a Volume Tester, for 
measuring the sending efficiency of a sub- 
scriber's instrument at the exchange without the 
knowledge of the subscriber and during the 
progress of an ordinarv call. This apparatus, 
however, used bv itself has serious limitations, 
when considered as a means of assisting main- 
tenance. These may be briefly summarised 
thus :— Е 

(1) The sending efficiency only is measured. 

(2) The efficiency of the subscriber's talk- 
ing is included. 

(3) In the case of a P. B. X. there is un- 
certainty as to which instrument is 
being used. 

(4) Calculations involving the circuit allow- 
ance of the subscriber's loop are neces- 
sary to determine the loss. 

No. (2) can be an advantage when the instru- 
ment is used in another fashion, as will be 
described later. 


Since the date of the first article a considerable 
amount of research has been carried out with a 
view to evolving a simple and rapid means of 
measuring the true efficiency of both the receiver 
and the transmitter in terms of the Department's 
standard without disturbing the subscriber's 
telephone. A considerable measure of success 
has been attained, and the value of the method 
proved in an extended series of tests made at 
Portsmouth and Willesden exchanges. 


DESCRIPTION OF METHOD OF TEST. 


The basic idea underlying the test is that of 
comparison with a standard. & standardised 
receiver is connected to the line terminals of the 
subscriber's installation and the A.C. voltage 
generated by this receiver is compared with that 
generated by the test transmitter and receiver, 
on being spoken into in turn. А valve volt- 
meter of the potentiometer type called a '* Tele- 
phone Efficiency "Tester," located at the ex- 
change, is used for this purpose. 
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А standardised receiver and an artificial ear 
are the only pieces of apparatus which it is 
strictly necessary for the lineman to carry with 
him for the test, and in bulk the set is about 3" 
diameter by 4’ long and weighs about 2 lbs. 
See the illustration. 


STANDARDISED RECEIVER AND ARTIFICIAL Ear. 


The artificial ear is so named because when 
applied to a receiver it produces the same degree 
of diaphragm damping and modification of 
resonance as would be produced when the 
receiver is applied to a human ear. In this case 
the artificial ear has a mouthpiece attached to it 
on the reverse side to the receiver, acoustical 
connection being made bv means of a number of 
small holes in the back of the artificial ear. This 
enables the lineman to talk into the standard 
receiver. 

The artificial ears and standard type receiver 
so far used are not entirely satisfactory since 
they require frequent recalibration, but it is 
hoped as a result of further research shortly to 
produce types which will only require occasional 
calibration. 

The method of use is then as follows :— 

(1) The standardised receiver, which is of 
the electromagnetic tvpe, is connected 
to the line terminals of the subscriber's 
instrument, the test receiver being on 
the hook. "The:test clerk at the ex- 
change then adjusts the line current to 
some predetermined value, which is 
alwavs the same, so that the equivalent 
of a 300 ohm local line is obtained. In 


the case of a line over 300 ohms battery 
is added to bring the current to the 
correct value. 

(2) The lineman then counts 1, 2, 3, 4, 5, 
about 7 or 8 times, pauses and then 
repeats it into the artificial ear which is 
attached to the standard receiver. The 
test clerk measures the A.C. voltage 
delivered to the exchange during this 
talk by means of a constant deflection 
valve voltmeter. This he effects by 
setting the potentiometers of the volt- 
meter (which are arranged to give a 
range from o to 7o S.M. in 1 S.M. 
steps) to some value (given with the 
standard receiver) and noting the de- 
flection obtained. АП further measure- 
ments on the same test are then made 
by altering the potentiometers so as to 
obtain this deflection. This method 
thus gives the efficiencies direct in 
S.M. : 

(3) The lineman disconnects the standard 
receiver from the line and, taking the 
test receiver off the hook but not hold- 
ing it to his ear, he repeats his talk into 
the transmitter at the same volume as 
before. The test clerk measures this 
voltage by adjusting the potentio- 
meters. 

(4) The lineman then cuts out the trans- 
mitter either bv short-circuiting it for 
С.В. circuits or disconnecting: the cells 
for L.B. circuits. He then applies the 
artificial ear to the test receiver and 
talks into it, again at the same volume. 
This voltage is also measured by the 
test clerk by adjusting the potentio- 
meters. 

The test should be made as quickly as possible 
in order that the lineman may be able to keep 
his volume constant, but where the test is 
interrupted, for instance, to change a trans- 
mitter or receiver a check on the standardised 
receiver is necessary. 

Two or three minutes is about the time taken 
when the test is carried out by skilled men under 
favourable conditions. 

Two calibration figures are required to deter- 
mine the actual efficiencies of the instruments, 
those of the standard receiver in terms of the 
Department's standard receiver and the standard 
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receiver plus artificial ear in terms of Depart- 
ment’s standard transmitter. Call these two 
quantities А” and '* B " respectively. Let 
the potentiometer settings obtained by the test 
clerks be 
“ S" for the standard receiver. 
'* "P?" for the test transmitter. 
“ R for the test receiver. 
Then the transmitter efficiency will be 
B4 S- T worse than Department's standard; 
and for the receiver : 
A+S-R worse than Department's standard. 

When these expressions are negative the 
efficiencies are better than standard. 

A+S and B+S will be constants for any com- 
bination of artificial ear and standardised 
receiver, so that it will be seen that the efficiencies 
are obtained very simply. Any case of low 
efficiency should be further investigated at the 
time of the test. 

Very little difficulty has been experienced so 
far in carrving out the test with the linemen who 
have been emploved. Careful training is neces- 
sarv, but after about a week's experience it is 
found that they can generally be relied upon to 
give consistent results. 


ACCURACY OF TEST, 

Laboratory tests of the accuracy of this 
method are very асин to carry cut. The 
standard method of testing an instrument in- 
volves an elaborate cable balance, carried out 
six times by three different observers over a 
period of time of from 20 to 30 minutes. The 
new method uses one balance, with a talking 
period of about 15 seconds. This implies that 
only a limited degree of agreement of results by 
the two methods can be expected in the case of 
transmitters. From the nature of the test, how- 
ever, it is apparent that the efficiency of the trans- 
mitter, at the time of the test, is obtained. It has 
been decided that the transmitter must be tested 
exactly as it stands without tapping or shaking 
in any way beforehand. The resultant figure 
will not necessarily be the same as that which 
would be obtained on removing the transmitter 
and re-testing it in the laboratorv ; the apparent 
error is of the order of +1} S.M. on the average. 

In the case of the receiver. the errors are 
caused by factors different from those that 
govern the transmitter efficiency. On holding 


a receiver to an ear, the cap and diaphragm 
become warmed up much more quicklv than the 
bodv of the receiver, with the result that the 
diaphragm is stressed, causing movement either 
towards or away from the magnet poles and thus 
altering the efficiency. When the receiver is 
placed on the artificial ear no such action can 
take place as the ear is at the same temperature 
as the surrounding air. The errors due to this 
cause are in the neighbourhood of 2 or 3 S.M. 
and will vary according to the clamping of the 
diaphragm. 

Another source of error is line noise. The 
attenuating P. D. delivered to the exchange by 
the receiver is verv small and тау, in the case 
of a low efficiency receiver, be commensurate 
with the voltage of line noise. When the line 
noise voltage is sufficient to interfere with the 
test it may be considered that the noise is exces- 
sive and steps should be taken to eliminate it. 


CIRCUIT. ARRANGEMENTS. 

The valve voltmeter set used at Portsmouth 
and Willesden is mounted so as to be readily 
portable and can be used in any exchange; it is 
self-contained as regards batteries, etc. 

Another tvpe suitable for installation in ex- 
changes and to be used for routine testing is 
under design at the moment. The apparatus 
is mounted entirely on racks and is independent 
Of the test desk, although it is proposed to use it 
in conjunction with the test desk. 

From the nature of the test it will be apparent 
that a clear line, free from D.C. bridges, is 
necessary, but that apart from this the resistance 
of the line is immaterial. Consequently it is 
possible for the voltmeter set to be placed at a 
central exchange, serving several others via 
junctions. It is desirable that the A.C. loss due 
to the junctions should not exceed 5 S.M. 

In the case of P.B.X.'s a double-plugged cord 
is used. Series indicators as used in cordless 
boards do not affect the test. 


PROPOSALS FOR FUTURE USE. 

The subscriber’s output measuring set, which 
has been called the“ Volume Tester,” is most 
suited for observation testing, though it can be 
used for any case where the volume level of 
speech is required to be known. 

It is proposed to install an experimental 
Volume Tester and a '' Telephone Efficiency 


ROUTINE TRANSMISSION TESTING OF SUBSCRIBERS’ INSTRUMENTS. 203 


i — ӨӨӨ — — —— — 


Tester " at an exchange with a view to trying 
out various methods of using both sets. The 
volume tester will be used for observation pur- 
poses. In this way a check can be kept on the 
general level of volume in the exchange and 
cases of bad speaking investigated bv checking 
the volume level of all calls made bv the com- 
plainant. 

With regard to the telephone efficiency tester 
the question of providing every internal lineman 
and fitter in the exchange area with a lineman's 
unit is under consideration, a test being made 
everv time a subscriber's premises are visited, 
unless a visit has been made just previouslv. 


The volume tester used in the above fashion 
provides an easy method of detecting faulty 
installations apart from subscribers’ complaints. 

The telephone efficiency tester enables the test 
clerk readily to test faulty and new installations, 
every lineman being available for making a test 
when required. Whether sufficient work of this 
nature. will be carried out by each lineman to 
enable him to keep in practice from a talking 
point of view remains to be determined from the 
tests. The talking is an essential part of the 
test, and though apparently difficult to carry out 
correctly becomes comparatively easy when 
sufficient practice is given. 


MEASUREMENTS OF THE ACOUSTICAL IMPEDANCES OF 
HUMAN EARS. 


W. West, B.A., X. XI. I. E. E. 


UMMARY. — In Part 1. a method of 


measuremenl of the acoustical resistance of 


lightly absorbing surfaces is described, 
together with the resulls of tests on the resisl- 
ance components of the impedances of normal 
(male) ears when held lo a standard type car- 
cap. Frequencies ranging from 370 lo 2600 
cycles per second are used. 

Details of a similar method, applicable to the 
reactance component, are given in Part II., 
together with test results at frequencies of 500, 
1100 and 1600 cycles per second. 

Part III. contains comment on the results of 
the investigation, and is concluded by two 
appendices in which equations required in the 
text are derived. 

т. Introduction.—An acoustical determina- 
tion of the performance of a telephone receiver 
under working conditions demands a means for 
measuring the pressures developed with the 
receiver held in position either to a real ear, 
or to an artificial ear which is acoustically 
equivalent. In order that the latter alternative 
may be available, it is first necessary to obtain 
some data on which may be based a specification 
for the acoustical impedance of such an artificial 
ear, either as an average value, or at least as 


lving within the range of variation to which the 
acoustical impedances of normal ears are liable. 

Hitherto the method employed has been to 
adjust the impedance of the artificial ear until 
the eleetrical impedance loop of a receiver held 
thereto resembles. closely that of the same. 
receiver when held to a real ear. This method, 
though not quantitative (in the absence of 
knowledge of the mechanical properties of the 
receiver) enables an adequate impedance match 
to be obtained at the resonant frequency of the 
receiver. The present investigation aims at a 
quantitative determination of the acoustical im- 
pedances of a reasonable number of normal 
(male) ears over a considerable frequencv range. 
The methods employed use acoustical resonators, 
observations being made of the acoustical ini- 
pedance at resonance. 

It must be understood that the impedance 
measurements relate only to the condition when 
the ear is held to the Post Office standard 
receiver ear-cap, l.e., to the impedance as viewed 
through the aperture of the ear-cap. 

There are, of course, two components to the 
impedance, namelv, resistance and reactance. 
The former is probably the more important in 
the testing of commercial receivers, since it plays 
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a part in determining the magnitude of the 
pressures developed at resonance. The effect of 
the latter is to alter the frequency at which this 
resonance occurs. 

Acoustical impedance is defined as the ratio 
of alternating pressure to alternating rate of 
volume displacement, i.e., if a piston of area S 
is vibrating with velocity v and a pressure ф 15 
developed at its surface due to its contact with 
the medium (air), the acoustical impedance, 


Z equals ra which is in general a complex 
v 


`. 


quantity. The analogue to the electrical circuit 
is: p to E.M.F. and Sv to current, or v to 
current density. [Note that a mechanical im- 
pedance differs since it is the ratio of total force 


S.p. 


to linear velocity, i.e., : 
: y 


The difference 


of these two conceptions of impedance lies in the 
fact that in some problems, as in the present 
investigation, pressures are measured without 
reference to the area over which they are applied, 
whereas in others it is the total force only that 
is dealt with. In either case the power developed 
equals S.p.v where p and v are the in-phase 
components. Thus a Mechanical impedance= 
impedance per unit area multiplied bv the area 
(dimensions M Т-') and an Acoustical impedance 
—impedance per unit area divided by the area 
(dimensions M T^" L^). In what follows the 
word ''impedance " is used to refer to the 
acoustical impedance, unless otherwise defined. | 


Loving Соп Umr 


my 


— ; 
Conn Piston wiru Ruaser 
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Part ].—RESISTANCE COMPONENT. 

2. Apparatus and Method of Test.—:Appar- 
atus was assembled as shown in Fig. 1. А brass 
tube, 3 ft. long by 2? ins. internal diameter and 
1" wall, was closed at one end, A, bv a standard 
ear-cap, from which the threaded portion had 
been removed, and at the other end, B, by a 
moving coil unit driving a cork piston 21 ins. 
in diameter. The seal round the rim of the 


piston was effected by thin sheet rubber. At 
the centre of the length of the tube a hole about 
3 mm. in diameter communicated with the 
diaphragm of a condenser transmitter, which 
was connected through an amplifier to а volt- 
meter. 

The method broadly consists in applying at 
end А in turn the impedance to be measured, and 
two known impedances and adjusting the fre- 
quency each time to give the maximum value for 
E (the voltage output from the condenser trans- 
mitter). 

If it be assumed that the motion of the piston 
is the same in each case, sufficient data are avail- 
able to evaluate separately the absorption due 
to the tube and that due to the impedance under 
test, and thence the non-reactive component of 
this impedance. One of the known impedances 
was simply obtained by sealing the hole in the 
ear-cap with a plug of plasticine or lead, a con- 
dition sufficiently close to that of an infinite 
resistance. Others were used as described in 
the following section. 

The assumption that the strength (S.v) of the 
source of sound remained constant is justified 
bv its construction and by the fact that the 
absorptions of the impedances tested were small 
as compared with that in the tube (which was 
found to be largely due to the rubber seal at B). 
The reactive components also necessitated only 
very slight alterations in frequency (less than 
0.5%) for tuning to resonance. 

3. Calibrations. — The calibration of the 
apparatus consists in determining the absorption 
within the tube, since when this is known a 
simple comparison of the voltages when end A 
is closed, and opened to the impedance under 
test, respectively, suffices to determine the resist- 
ance component of this impedance. 

For this purpose it was decided to attempt to 
obtain the condition of a semi-infinite, rigid- 
walled tube leading from end & of the resonator 
tube; this would provide a known standard 
acoustical resistance. With this end in view a 
12 ft. length of 3” (internal diameter) brass pipe 
was obtained. 

A bundle of 24 strands of medium weight 
darning wool (varying in length between 1 ft. 
and 4 ft. in order to offer gradually increasing 
absorption) was drawn through to the far end of 
the pipe, and the near end was provided with a 
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small plasticine flange for sealing to the ear-cap 
at A. А test for reflection effects from the far 
end was made at each frequency used, by tuning 
to resonance and observing the value of E (out- 
put of condenser transmitter) while the wool 
bundle was drawn back through the pipe for a 
distance greater than half a wave-length. In no 
case could anv variation be detected and no 
change was observed when the far end was closed 
and opened. 

With this tube in position at end A, then, the 
reflection factor for amplitude at end А of 
SS- 


the resonator tube is“ g,— © where S= 


sectional area of main tube and o that of the 
pipe, i. e., g,=0.964. If it be assumed that the 
absorption in the main tube is concentrated at 
end B, where most of it undoubtedly lies, it can 
be allowed for by considering that the reflection 
factor at end B=g, and that there is no loss in 
the tube except at the ends. 

It can be shown, as in Appendix I., that at 
resonance (having a pressure loop at the centre 
of the tube) the ratio D of the value of the 
pressure on the condenser transmitter (or the 
voltage output) with the test resistance at A, to 
the value with the end stopped (g=1) is given 
by 


D= (1 — д») (1 + 2) 
2 (1-880) 


* c.f. Rayleigh § 351, p. 331. Equation 9. 


TABLE 
„ „ „ S NM 
| ‚| D MET | 
i... 

2300 | 370 : 1.26 0.87 T 
4700 75⁰ 1. 16 0.795 | 
7020 1100 1.16 | 0.795 | 
9370 1500 1.11 А 0.715 | 


The agreement in the values of g, so obtained 
is close. These values were lower than was ex- 
pected; that this feature was largely due to the 
rubber washer was shown when, later in the 
investigation, the rubber was coated with a 
smear of jelly and it was found that the values of 
g then exceeded о.о. 

4. Test Results.—The procedure of test was 


The calculated value of g, assumes that the 
velocity of the wave is unchanged after its 
entrance into the pipe; no sensible error is to be 
expected from this cause, but it was thought 
desirable to obtain an alternative method of 
calibration to verifv results obtained with the 
pipe. The method adopted depends on altering 
the reactance at end А, leaving the resistance 
unchanged (infinite). The ear-cap at end A was 
removed and a brass cup (equivalent to a 1 cm. 
extension to the tube) was used to terminate the 
tube. The cup had z“ walls and the flat surfaces 
were faced. А test was made by smearing the 
end of the tube with a little mineral jellv, hold- 
ing the flat face of the cup to the end of the 
tube with strong hand pressure, tuning to 
resonance and noting the voltage E,. The cup 
was then reversed and held in a similar manner, 
thus extending the length of the tube by the 
depth of the cup, namely, 1 ст. ; the voltage E, 
was observed without altering the frequencv. 


It is shown in Appendix I. that if a =F 
1 
and if em = К, where / is the length (1 cm.) 
і tan kl i s i 
added to the tube and k= = 225 
К-т 
then 80 К e ТКО еее (b) 


The following table shows the results of 
calibrations carried out by these two methods : — 


I. 
F оси : 
tan. h | K | Е, 
38 | 0.068 | 13.2 0.86 
1.53 | 0.138 8.5 0-79 
2.0 ! 0.208 ! 8.3 | 0.785 
1.98 | о.282 6.05 0.72 
| i i 
as follows: A Bell receiver was first held to the 


ear to be measured in order that the sensation 
of normal pressure and position might be 
memorised. The ear was then placed against 
the ear-cap at the end of the tube, and the volt- 
age E, at peak of resonance was noted. The end 
of the tube was then closed by a plug covering 
the aperture of the ear-cap and the voltage E, 


296 MEASUREMENTS OF ACOUSTICAL IMPEDANCES OF HUMAN EARS. 


at peak of resonance again noted. From the 


1 and from the value g. obtained 


E, et 
from calibration, the value of g,, due to the 
absorption by the ear, was calculated from 
equation (a). 

It is shown in Appendix I. that the acoustical 
resistance of the ear 15 


value D= 


R= $E (C.G.S. units) 
S 121 7 

where p=density of air and с = velocity of sound 

in air (ос= 40.8) and S=sectional area of the 

tube= 38.3 sq. ems. 

Since slight variations in the value of g, were 
observed from time to time; check tests of this 
value were made at intervals throughout each 
series of tests on individual ears. The results 
of series of tests at five different frequencies, 
each series including about twelve ears, are 
summarised in Table II. A series of tests on 
twelve additional ears was also made at 1100 
cycles per second and included a wide range of 
ages, since it was thought that there might be 
variations in resistance with the age of the ear. 
No such variations were, however, observed, and 
the results were found to be in close agreement 
with those recorded in Table II. 


Tarte II. 
Frequency. Exireme Mean 
Resistances. Resistance. 
370 100—300 173 
745 90—330 175 
1100 105—190 140 
1500 80—145 105 
2600 13—125 30 


PART I].—REACTANCE COMPONENT. 


5. Apparatus and Method of Test. — The 
resonator tube used for the Resistance tests was 
deliberately made moderately large in order to 
reduce the effects of different reactances at end 
A. It was therefore unsuitable for Reactance 
tests, and fresh apparatus was assembled. A 
i inch diameter tube, about 1 ft. long, was 
terminated at one end by a standard receiver ear- 
cap, and at the other end by a plasticine plug 
with two small holes on opposite sides of the 
tube, communicating respectively with a con- 


denser transmitter and a watch type receiver, 
used as a source of sound. 

In outline the method consists in adjusting the 
frequency to a resonance of the tube with the 
reactance under test at the end of the tube, 
measuring the frequency, and comparing its 
value with those obtained when a variable, 
calculable reactance is used. This calibrating 
reactance was made in the form of a short length 
of 1.75 cm. diameter, internally threaded brass 
cylinder, with a threaded brass plug carrying a 
graduated rod from which the position of the 
plug in the cylinder could be read. The cylinder 
was held against a standard receiver ear-cap, a 
plasticine seal being used at the joint, and the 
volume contained, at different positions of the 
plug, was measured by admitting water through 
the hole in the ear-cap from a burette. The 
volume could be varied from 0.5 to about ro c.c. 


It is shown in Appendix II. that the (elastic) 


reactance is X= P where Q is the volume 
kQ = 

and р, с and k have the same meaning as pre- 

viously employed. It remained therefore to 

determine the reactance of the ear in terms of 


the volume Q. 


Accordingly the cylinder was placed in posi- 
tion on the ear-cap, the peak of resonance 
observed from the condenser transmitter output, 
and the frequency measured. This value was 
plotted against the corresponding value of Q. 
The cylinder was then replaced by the ear under 
test, held with normal pressure, and the fre- 
quency at peak of resonance again observed. 
The value of Q was obtained from this fre- 
quency reading from the calibration curve. 


6. Test Results.— est series were carried out 
on about 12 normal ears at frequencies near 1100 
and 1600 cvcles per second. At 1100 cycles per 
second the mean value of Q =3.3 c.c. (Ж = – 61), 
the extremes ranging from r.o to 5.0 c.c. At 
about 1600 cvcles per second the mean value of 
Q was 3.8 c.c. (X= - 37), the extremes ranging 
from 2.0 to 5.0 c.c. It was further observed that 
when resistance damping, equivalent to that of 
a normal ear, was permitted, the calibrating re- 
actance values were not appreciably affected. 


A test series was next carried out at about 500 
cycles per second, and it was found that many 
ears gave a negative value of О, ie., a mass 
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reactance* at this frequency. In order to con- 
firm this phenomenon an alternative method was 
sought. 

Accordingly a method was used employing 
mechanical resonance (instead of acoustical) and 
aural detection of the resonant frequency (instead 
of instrumental). The diaphragm of а Bell 
receiver was loaded at its centre with a mass 
of lead to reduce its resonant frequency to the 
neighbourhood of 500 cycles per second. This 
receiver was then held to the ear and the fre- 
quency adjusted to resonance, as judged by an 
observer listening externally, and the adjust- 
ment was then made again with the ear under 
test as judge of the resonant frequency. Calibra- 
tion was carried out bv means of the adjustable 
cylinder previously used, there being no difficulty 
in ascertaining the resonant frequency by listen- 
ing externally. With some ears there was also 
no difficulty in determining the resonant fre- 
quency and agreement between both methods 
was good. The range in the values of Q so 
obtained extended from o to 3.5 с.с. With other 
ears, however, (about an equal number) there 
was considerable difficultv and there is no doubt 
that, as judged by either method, two resonant 
peaks existed, one above and one below normal. 
This phenomenon of double resonance may be 
observed when two resonant systems, whose 
natural frequencies are equal, or nearly so, are 
coupled together. It is illustrated by an experi- 
ment of Mallett and Dutton (J. I. E. E., Vol. 63, 
May, 1925, p. 510, Fig. 12), who observed the 
acoustic output from a Bell type receiver at 
frequencies in the neighbourhood of the funda- 
mental resonance, when the back of the 
diaphragm was exposed to a closed air column 
whose length was adjustable. 

It was concluded therefore that a non-reactive 
impedance or a mass reactance at this frequency 
was obtained with some ears (this effect is dis- 
cussed in Appendix II.) and a further test series 
was carried out on the resonator tube—this time 
under two conditions with each ear, namely, 
normal pressure ane an increased pressure be- 


* The terms Mass Reactance "' and “ Elastic 
Reactance '" тау conveniently be used to 
describe positive and negative acoustical react- 
ances; c.f. '' Inductive and Capacily React- 
ances,” 


tween ear and cap, (in order to ascertain the 
effect of leakage of sound). The results showed 
that with normal pressure a mean value of 
Q= —0.5 c.c. with a range of about +4 c.c. was 
obtained, but with increased pressure the mean 
value was +1.7 c.c. and the range about o to 
4 C.C. 

The results at normal pressure are very 
variable, as may be expected from the fact that 
these are critical to ear pressure, and an estima- 
tion of normality by sensation is necessarily 
somewhat crude. It is not therefore to be 
expected that an individual ear will give very 
consistent results on repetition. There is also 
the presence of the slot in the standard ear-cap, 
which may occupy any position relatively to the 
ear, and thus adversely affect consistent observa- 
tions on an individual ear. 


PART III.—ConMENT. 


7. No attempt has been made to ascertain the 
nature of the forces operating to absorb sound 
in any individual ear. It is probabie that the 
absorption is to a large extent accounted for by 
transmission of vibrations into the exposed flesh, 
from the nature of which it is to be expected that 
the extent of penetration will be small. The 
expenditure of energy can only be considered as 
useful in so far as it is located at the erum of the 
ear. From the observed differences in absorp- 
tion which are liable as a result of slight 
differences in the position of the ear relative to 
the cap, it may be inferred that appreciable 
absorption takes place at the outer ear. The 
amount of sound energy that escapes into the 
outer air 15 not considered to be appreciable 
when there is a normal pressure between receiver 
and ear. It is shown, however, in Appendix 
IT. that a small leakage can have a very consider- 
able effect on the reactance component, and it 
mav therefore exert an indirect influence on the 
resistance component. [ог example, if the leak- 
age is such that its mass reactance is equal to 
the elastic reactance of the enclosed air chamber, 
a condition of resonance obtains, which has the 
effect of creating a larger impedance at the open- 
ing of the ear-cap. Under this condition the 
quantity of sound which enters the chamber is 
reduced and a smaller absorption is to be ex- 
pected. The reactance component for an aver- 
age ear is found to become zero at a frequency 
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of about 500 cycles per second, and it is observed 
further that, at frequencies in this vicinity, the 
absorption is low and the variations with 
different ears are somewhat large, as may be 
expected when a critical effect such as resonance 
is introduced. 

It seems not improbable that a similar effect 
may account for the high values of absorption 
observed at 2600 cycles per second. Such an 
effect would involve resonance of the elastic re- 
actance of the air chamber with a mass reactance 
at the opening at the ear-cap, resulting in an 
abnormally low impedance at this opening. 
The necessary data to confirm this supposition 
are not at present available. 

Although the variations in impedance appear 
to be accountable to a great extent on purely 
acoustical grounds, it is not to be expected that 
the mechanical properties of the texture of the 
ear can be ignored. During the investigation 
two ears, which were abnormal in that their hear- 
ing faculties were known to be below normal, 
came under observation. In both cases the im- 
pedances were found to be abnormal, one giving 
an exceptionally high value and the other an 
exceptionally low value of absorption at 1100 
cycles per second. The former was also tested 
for reactance and was found to give a mass re- 
actance at a frequency where normal ears all gave 
an elastic reactance. 

It should be noted that the resistance and 
reactance components should be considered as 
acting in parallel. This may be seen from the 
manner in which the tests were carried out. It 
follows therefore that the rate of absorption of 


energy by the ear may be found from the 
2 
equation: Power= = where p=applied sound 


R 
pressure and R is the resistance component of 
the impedance of the ear. It does not, of course, 
follow that this figure represents the rate of 
expenditure of energy in doing useful work. 


APPENDIX I. 


Acoustical Impedances applied to Tube 
Resonators. 


a. With reference to Fig. 2, suppose first 
that end A of a tube of sectional area S is closed 
by a partially absorbing plug, the reflection 
factor for pressures or velocities at this end being 


E 


g. Let the source of sound at end B be герге- 
sented by a piston moving with velocity = 
Ve", Suppose that the absorption along the 
tube and at end B is negligible as compared with 
that at end A. The length x of the tube refers 
to the distance between surfaces at which reflec- 
tion takes place without change of phase. 


B ск А 


У 
N 


The air velocity at B=piston velocity 
= Wes 

The pressure at B of the first wave (B to A) 
= pcV „єї“. 

The pressure at В of the second wave (А to В) 
= gpcV etta, 


The pressure at B of the third wave (B to A) 
= gpe V. e (-A). 
and so on. 


Total pressure at B=pcV.e™ {т + 2 gel 


pogre id aer) 
wef Ete" | 
= pcV e! | т gez 


\ 
Whence the impedance at B (=2- E. ) 


pef] 188. | 


^ § | | 1+ g?-2¢ cos 2kx | 


Aha || "E (1) 


| ї+&?*—2 cos 2kx 


This equation applies to the impedance at В 
or at any section of the tube half a wave-length 
therefrom. It is capable of a number of useful 
applications, the first of which is to determine the 
relationship between the factor g and the acous- 
tical resistance К at end A. 

* See previous article in this Journal on the 
Measurement of Absorption of Sound, Vol. 20, 
Part 2, July, 1927, b. 127. 
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a E xe EE 
If x is put =o, R= S ( pog Ыы (2) 


Further applications will be made in Appendix 


II. 


y 


b. Next suppose that there is absorption at B 
as well as at A, the reflection factor at B being 
S». M general equation can be obtained on the 
same lines, but for the present purpose it is only 
necessary to obtain the result when the tube is in 
resonance, i. e., e? =. 

As before, by summation of the separate waves, 
the pressure at B is proportional to 


2 2.3 
I-EgtgSgS.tg' Sut LL ot 


hs p=P (1+) ((+ад„+2° T.) 
(Where Р is a constant including a term for 
the velocity of piston). 
_ P(rg) 
/ RECS (3) 
(t- gg) 
If the absorbing plug at A be replaced by a 
non-absorbing surface (g — 1), the pressure at В 
becomes 


e 2P 
7 I — go 
m po P (1+2) (1-2,) 
Che ratio =D= a er eee 
b 2 (1 gg.) (4) 


c. If now the absorbing surface be retained 
at B, and a non-absorbing surface be placed at 
A, the general equations for the velocity and 
pressure at B, for any value of x, may be derived 
as follows :— 

As before, the piston velocity = V e'*. 

The air velocity at B=v= Voest – V cit-22) 

＋g Ves -a) ,,, 


( p 2 * 
— aint 
ET | 


[ Note that this is not the same as the piston 
velocitv, since the supposition of absorption by 
the piston presumes relative motion between 
piston and air.] 

The pressure at B= 


7 $a — 27 K. — Uh — 4772 
р=рс/ enw 1 Ite 21ка рє zike ре айта. 


Р Í I+ 6210 | 


= pcV 06 рее 
um. 21 
. 


VOL. XXI. 


[The acoustical impedance of the tube at В is 
therefore 
pc / 14 e ike 
S 1 eg tthe 
For a prescribed constant motion Veet of the 
piston 


Z= } independent of go. 


[ (1-80) (1+ cos 2х) – (1 go) sin 2kx 
| I+ o' = 2, COS 2kx 


b == рс\ ei^ 5 


The modulus is proportional to 


| 2(1+ cos 2kx) l? 


1+ £4" — 28, cos 2kx 


Let F=ratio of this value when cos 2kx=1 to 
that when cos 2kx=cos 2kl. 


Then F= = | G TE) +48 sin? kl |t 
\ 50 4 cos? kl 


tan М 1-0 = | (6) 
Wr 
Sud yc е | 


APPENDIX Il. 


Acoustical Impedances applied to Helmholtz 
Resonators. 


d. Equation (1) of Appendix I. may be used 
to.find the acoustical (elastic) reactance of a 
small, rigid walled chamber whose dimensions 
are small as compared with a wave-length—such 
for example as the calibrating cylinder referred 
to in Part II. of the text. When g=1, the 
impedance at end B of the tube is 


P ipc 
Z= cot kx. 
S 
For small values of kx, cot kx= y . 
hx 
Е 1рс 1рс 
Vhence Z <= — ОИТ я 

Whence Six О (7) 


where Q = volume of the chamber. 
[The operator i signifies pure reactance and 
the negative sign that the reactance is elastic. ] 
The equation applies to a chamber of any 
shape, provided that each dimension is small as 
compared with a wave-length, and that absorp- 
tion is inappreciable. 
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If now the piston at B is replaced by a thin 
wall with a small aperture, diameter d, the 
acoustical mass reactance of the aperture is 

ipo 

d 

The reactance at the aperture (dropping the 

operator 1) is therefore 


Z= P - A cot kx | Т 
= з= 100 (for small values of | | 


(This equation is given by Richardson, Proc. 
Phys. Soc., Vol 40, Part 4, June 15, 1928). 

At resonance the impedance at the aperture 
becomes zero (if dissipation is neglected), and 


po m pc 


d kQ 
or w= E 
The usual formula for resonance of a simple 

resonator. 

e. The effects of leakage of sound, when an 
ear is held to an ear-cap, on the reactance at the 
ear-cap may be deduced by substituting for the 
mass reactance of the leakage sound, that of an 
aperture, diameter d, in a thin wall. Let this 
wall then occupy end А of the tube. 

If absorption at the aperture is neglected, 
reflection will take place as if from a solid sur- 
face (i. e., the magnitude of the reflected wave = 
that of incident wave). Owing to reactance at 
end А this surface will not be at A, let it lie at 
C, where AC=x'. Now when х= х', since the 
impedance at C is, bv hypothesis, infinite resist- 
ance, the tube becomes a Helmholtz resonator, 


whence from (9) & = ‚ апа the impedance 


d 
Sk? 
at A is, in general. 


„ 
S tan k(x- x). 


The tube resonates (giving a maximum 


nm 
pressure at end B) when x-x'—2 , where n 


k 
is an integer. 
Two important effects of leakage sound may 
be deduced: (т) The presence of leakage raises 
the frequency of resonance of the tube, since 


тт С 

k= ———-, which is greater than the value at 
* = х 

resonance with no leakage, namely, k= —- ; and 


(2) This effect of leakage becomes greater as the 


pck 


mass reactance of the aperture, 2 becomes 


smaller as compared with the elastic reactance 


; c Р А 
of the air chamber, а ; that is as k? becomes 
smaller as compared with- су Я 

e 


Suppose, as a numerical example, that the 
tube is terminated by a chamber whose volume is 
4 c.c., and which has an aperture 0.04 cm. 
diameter in one wall. The reactance of the 


chamber is Х= 605 where O A SY 
о 
0.04 
oue 


ven therefore k=o.1 (540 cycles per sec. 
WI tl f 1 540 cycle 
OQ, —0 and the impedance is non-reactive. 


When k <o.1 the impedance has mass re- 
actance. 


When k=0.2 (1080 cycles per sec.) Q,— 3 c.c. 


АО 


When k =0.4 (2160 cycles per sec.) Q, = 3.75 с.с. 


This example gives results which are quanti- 
tatively similar to the observed reactances of the 
space included between the ear and the standard 
cap. 
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RENEWAL OF LAND LINES AT FAYAL, AZORES. 


N engineering operation of an interesting 
A character has been carried out recently 
at Fayal, Azores. These islands in the 
Atlantic, belonging to the Republic of Portugal, 
are conveniently placed on the routes of several 
Transatlantic cables. Two of these cables, led 
in and out at Fayal, belonged originally to the 
German Government and were taken over after 
the Armistice as part of the reparations, one by 
the British Administration (this cable being 
known to-day as“ Imperial No. r,") whilst the 
other is operated for the French Government. 
The land lines at Fayal associated with these 
two submarine cables were in urgent need of 
renewal and the position was becoming the more 
serious because of earthquake disturbances,— 
a frequent visitation at the Azores. When it 
became known that the British and French land- 
line cables were to be renewed, it was ascertained 
that the Eastern Telegraph Company also 
desired to have similar work done, and it was 
agreed that the British Post Office Engineering 
Department should undertake the whole of the 
operations. This included the design, laying 
and testing of the British and French armoured 
cables, and also the laying and testing of two 
armoured cables for the Eastern Telegraph 
Company, all the work to be done in a common 
trench; the total length concerned being 1? 
miles. 
The works estimate was prepared in London 
and dependence placed upon such information 
as could be obtained by correspondence with 


local representatives of the Cable Companies in 
regard to measurements, wayleaves, contours, 
sub-soil, pavings, obstructions, transport, labour, 
and other details attending the construction of 
underground work in a foreign country ;— 
matters which, though not troublesome in like 
circumstances at home, may loom large when 
there is no one to whom to appeal, or Acts of 
Parliament to invoke! 

The cable designed for the replacement of the 
British and French land lines is of a special type 
and was supplied by Messrs. Siemens. A 
section of the cable is shown in Fig. I. It 


Гіс. 1.—Srction or CABLE. 


consists of three separate tri-core lead covered 
cables formed into one armoured cable of an 
overall diameter of 217. The conductors are 
made up of a strand of seven copper wires of 
equal diameter, the weight and resistance per 
statute mile of each stranded conductor being 
300 lbs. and 3.03 ohms respectively. Each 
stranded conductor is covered with four lappings 
of paper, the outermost being coloured red, blue 
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or white for identification of the individual 
cores. The three conductors are so laid up as 
to form a compact and cylindrical cable and 
finally wrapped overall with two lappings of 
insulating paper. The cable thus formed is lead 
sheathed and covered first with a coating of 
compound, then with a double wrapping of 
impregnated paper and a final coating of com- 
pound. The three lead sheathed cables are laid 
up on a central core of tarred jute yarn, wormed 
and served with sufficient tarred jute yarn to 
receive the sheathing of 45 galvanised iron wires 
of No. 12 S.W.G., each of which had been 


jointing coupling. The joints are staggered as 
shown in Fig. 2 and ordinary wiped joints made 
in each case. In order to maintain high insula- 
tion, each of the lead sleeves is filled with 
paraffin wax, and when the joints have been 
completed, the box itself is filled with compound. 
An earthing bond is provided in order to main- 
tain continuity between the armouring of the 
lengths of cable on each side of the coupling. 

A special type of terminal box has also been 
designed for the termination of the British and 
French land lines at the cable hut and cable 
station respectively. Ап open and closed view 


lic. 2.—5ткмїсит ]өгхт Bex. 


separately coated with preservative compound 
before application to the cable. The armouring 
is covered overall with two servings of stout 
three-ply tarred jute yarn alternating with two 
coats of compound, and the finished cable white- 
washed. The electrostatic capacity from each 
wire to earth is 0.3 microfarads per mile, and 
the insulation resistance 5,000 megohms per 
mile per wire. 

A special type of jointing coupling has also 
been used in connection with the work and 
details of this fitting are shown in Fig. 2. It 
consists of a cast iron box, with specially 
designed conical clamp fittings at each end to 
grip the armouring wires. Any strain coming 
on the armouring of the cable is transmitted 
across the box by means of mild steel bolts. 
Three lead sleeves are accommodated in the 


of the terminal box is shown in Fig. 3. The 
three individual lead covered cables are brought 
out from the armoured cable and led into separ- 
ate brass glands at the bottom of the box. The 
paper cables are sealed with compound at the 
back of an ebonite panel. Each conductor is 
brought through this panel by a long ebonite 
bush to the front portion of the box so that 
leakage is prevented, and the terminations to 
the apparatus made of single leads of 
'* Maconite." The arrangement proved an eff- 
cient and accessible termination of the armoured 
cables. 

The transport arrangements at Fayal are of 
the most primitive order; practically all haulage 
work is done by bullock teams. It is under- 
stood that a mechanical tractor was once left at 
aval by a firm of contractors, but the alleged 
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reason for this is that the taxes imposed by the 
public authority were so heavy that it paid the 
contractors to leave the machine behind! 

It was impossible to rely upon any local help 
in the supply of tools and small stores for the 
work, and all such items had to be shipped from 
England. The term ** Subsidiary stores“ 
became an important matter; there was no 
convenient section stock stores round the corner 
from which deficiencies could be made good! 

There 1s no direct steamship service between 
London and Faval and the bulk measurement of 
65 heavy drumsof cable, 30 bulky cases and many 
loose bundles was considerable. The question 
also arose as to the possibility of shipping all 
the goods on one small steamer. If not, a delay 


Fic. S3.—Srkciar TERMINAL Box. 


of a month or so between the arrival of different 
steamers would be exasperating, and probablv 
the items most urgently required would miss 
the first boat. Luckily, the Post Office stores 
were the first to be handled at the docks and 
all were safelv stowed under hatches on the same 
steamer. 

Mr. J. Churchman, a Chief Inspector with a 
wide knowledge of underground work in the 
London Engineering District, was sent out in 
charge of the work and he had with him two 
experienced plumber - jointers in Messrs. 
Wheatley and Lilburn, also of the London 
District. A local gang of 50 was engaged for 
the unskilled work. The foreman or charge- 
hand engaged at l'aval understood both English 


and Portuguese and acted as interpreter, and he 
also succeeded in getting the best results out of 
the men. At the outset there was considerable 
difficulty experienced in securing permission to 
land the stores and tools at Fayal without pay- 
ing exorbitant import taxes and municipal 
dues ;the original claim was made that 120 per 
cent. of the value of all stores and tools should 
be paid to the Portugese authorities. Through 
the help of His Majesty’s Ambassador at 
Lisbon it was finally agreed that the govern- 
ment and municipal taxes would be waived. 

According to a law in operation at the Azores, 
it is laid down that if a workman is killed whilst 
at work, the employer is required to maintain 
the widow for life and also the children until 
they are self-supporting. If the workman is 
permanently injured, a large proportion of his 
wages is payable for life to his wife. In view 
of these legal obligations, combined with the 
facts that inexperienced labourers were being em- 
ployed, that blasting work had to be done, 
also that heavy cable drums had to be trans- 
ported on hilly roads rising 1 in 4, local 
arrangements were made to insure the workmen 
with a Portugese Insurance Company and the 
responsibilities for life pensions, etc., transferred 
to other shoulders. The only accident had to 
do, not with the workman, but with a cow which 
fell into the trench! The cow injured itself so 
severely that it had to be destroyed and the 
owner claimed damages. Although the trench 
was roped off and the cow was a trespasser, it 
was agreed with the Vice-Consul to рау a small 
sum to the native owner rather than to dispute 
the claim in the courts and probably waste time. 

A demand was made at the outset by the night 
watchman engaged on the work that firearms 
should be issued to them because of the lonely 
nature of the roads at night time and possible 
visits of thieves. The application was con- 
sidered, but the probable consequences from the 
use of revolvers far outweighed those from loss 
of tools, and the request was not granted. 
It is fair to say that there were no losses of tools 
to report. 

A cable drum carrier " was made in Eng- 
land and taken out for the handling of the drums 
of cable. This device, which consists of a pair 
of wheels and a special axle, enabled the drums 
to be lifted from the ground, taken to the site 
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AZORES. 


Fic. 4.—CanLE Drum CARRIER. 


and the drum revolved for the delivery of the 
cable at the trench. Bullock teams were used 
for transport purposes. Fig. 4 shows the cable 
carrier and its team of four bullocks ready to 
start work. 

Skids had been provided with the cable 
carrier for use as brakes on hilly roads, but the 
municipal authorities declined to allow the 
skids to be used because of the loose nature of 
the roadway surface. The local custom is to 
use bullocks as brakes and this method was 
adopted in transporting heavy drums of cable 
down hill. Ropes were extended from the rear 
of the cable carrier and fixed round the necks 
of two bullocks who took the strain whilst 
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Fic. 5.— TIE Buttock Brake. 


moving slowly forward. The animals seemed 
to understand what they were required to do, 
and as a result, loads weighing nearly three tons 
were taken down some particularly steep hills. 
lig. 5 shows this living brake in action. 

Cable rollers were used in order to facilitate 
the running out of the cables in lengths of 220 
vards. These rollers, which consist of a curved 
metal wheel free to revolve on a wooden base, 
were fixed at intervals alongside the trench ; the 
cable paid out from the drum and placed on the 
rollers and finally the cable lifted into position 


Fic, 6.—Слвьь ROLLER. 


in the trench. & sketch of the cable roller is 
shown in Fig. 6. & portion of the trench work 
in progress is shown in Fig. 7. 

Reference has already been made to the 
frequency of earthquakes at the Azores. 
Whilst the Post Office work was in progress 
shocks were experienced on two separate occa- 
sions. In the first instance a violent shaking 
of the ground occurred,—noises resembling 
rolling thunder attended bv falling masonry and 
the screams of women and children. Later in 
the same day another disturbance occurred 
which resembled the knocking of a heavy steam 
hammer underground and causing violent move- 
ment of the earth. Fortunately no serious 
damage was done by these visitations. Two 
views of damage caused bv former earthquakes 
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are shown in Figs. 8 and 9. Fig. 8 shows a 
deep fissure in one of the streets at Fayal, and 
Fig. 9 indicates the serious damage caused to 
one of the churches. 

The nature of the sub-soil on the trench route 
varied from soft sand, loose stones, pumice stone, 
to hard rock. The latter was really hard and 
crumpled up the points of steel wedges without 
making anv impression on the rock, and blasting 
had to be done. Some 70 yards of rock was 
treated in this way, often in roads with houses 
on either side which had already been cracked 
and dilapidated through recent earthquakes. In 


Fic. 7.— TRENCH work АТ Faval. 


one instance, a house was occupied by the 
military authorities in which gun-powder was 
stored. The trench had to be cut within six feet 
of the wall of the building which was already 
very much cracked. Gummed paper was placed 
across the cracks in this instance before the 
blasting started and this paper was found to be 
intact after the explosion, otherwise it was 
feared that a claim for extensive repairs might 
have been made against the Department! 

The reinstatement of roads after trenching 
caused some anxiety, as according to the 
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Fic. 8.—VisscRE CAUSED BY EARTHQUAKE. 


municipal laws in operation at Fayal, the whole 
width of the road is required to be remade after 
a trench has been cut. After a discussion with 
the Civil Governor on this subject, it was agreed 
that, where the road was good and the trench 
carefully reinstated, so that the camber of the 
road was maintained, he would not insist on the 
application of the letter of the law. The author- 
ilies were satisfied with this arrangement in 
connection with the reinstatement of some 1,300 
vards of trench, but in a length of 2 mile, the 
reinstatement had to be effected to the whole 
width of the roadway, ranging from 15 feet to 
20 feet. This involved digging over the entire 
surface and placing thereon two to three inches 
Of Saibro,"' a fine red volcanic sand which had 
to be dug and sifted at a quarry nearly 25 miles 
away and carted Бу bullock wagons to the points 
required. @n one occasion the Department had 
as тапу as 17 wagons and 34 bullocks emploved 
on this work. 


Fic. 9.—DamacGe DONE TO Citurcen ву EARTHQUAKE, 
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An antiquated roller, some 7 feet long and 4 
feet in diameter was hired for the reinstatement 
work. This looked like an old marine boiler 
provided with a door at each end so that the 
roller could be filled with earth. А centre pole 
was fitted and the machine drawn bv bullocks. 
In some portions of the road, with gradients of 
1 in 4, eight bullocks were required and formed 


Fic. 10.—REINSTATEMENT WORK IN PROGRESS. 


quite a procession, as a goader or driver was 
required for each pair of bullocks; in addition, 
men followed up with shovels in order to keep 
the surface of the roller clean. Fig. 10 shows 
the roller, complete with bullocks and drivers. 

Generally speaking the native labourers were 
found to be hard working, eager, and good time 


keepers. As an example of this, the night 
watchmen, whose duty did not commence until 
5 p.m., were in the habit of assisting in the 
digging and the performance of odd jobs for 
two hours before they were due to commence 
work on their night watching operations. In 
passing, it should be mentioned that the pay of 
the labourers engaged on the work was based on 
rates paid for similar work by the cable 
companies and was in advance of the normal 
labourer's wage at Fayal; there was much com- 
petition for employment. It is interesting in this 
connection to note that the casual labourers at 
Fayal sometimes have a stroke of luck when a 
whale is sighted off the coast. The appearance 
of the whale is reported bv the firing of a gun 
from one of the hills and when this signal is 
heard every man throws down his tools and 
rushes off to chase and kill the whale. This 
operation usually takes about three days to 
accomplish and, as a result, local labour is at a 
standstill until the great adventure is over. 
Fortunately, no whales were signalled during 
the progress of the Department's operations 
and the work was carried through without inter- 
ruption from start to finish. 

The writer desires to express his thanks to 
Mr. Churchman for much assistance in the 
preparation of this article ane, in particular, for 
the photographs of the operations at Fayal. 

A. O. G. 
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THE MEASUREMENT OF INDUCTANCE AND EFFECTIVE RESISTANCE 
OF LOADING COILS. 


L. E. Күл, B.Sc., Eng. 


OTH the inductance and the effective 
resistance of the loading coils in under- 


ground lines affect the characteristics of 
the line considerably, and hence the accurate 
measurement of these quantities is important. 
As the attenuation of a loaded line is approxi- 
mately proportional to the resistance of the line, 
(for the same type of loading) the effective resist- 
ance of the loading coils inserted in the line must 
be made as small as possible. If we assume that 
40 lb. conductors, with 177 mH. loading at 
1.125 miles spacing, have unit attenuation if the 
loading coils have no resistance, in practice, with 
the loading units at present in use, attenuations 
of 1.25 units at 1000 p.s. and 1.40 units at 2000 
p.s. are observed. The effective resistance of 
these units at various frequencies is shown in 
Fig. 1. 


The accurate measurement of the inductance 
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of loading coils presents little difficulty and can 
be performed satisfactorily by a number of the 
a.c. bridge methods, provided that the Wagner 
earthing device for maintaining the telephone 
receiver at earth potential be used. 


The effective resistance of the modern dust 
core loading coil is very small, and the angle of 
the impedance is nearly go?. Hence, unless the 
resistances, condensers, etc., comprising the 
bridge are pure, the value of the effective resist- 
ance obtained may be very different from the 
irue value. 

The Hay bridge, Fig. 2, is very suitable for 
measuring inductances with good angles. The 
usual formule for the inductance, L (henries), 
and effective resistance, R (ohms), if the bridge 
resistances and condensers are pure, are as 
follows :— 
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These formulae are correct only: — 


(a) If the rheostats used in the bridge are 
non-reactive, and 


(b) 1f the condenser has no loss. 


The condition (а) can be met sufficiently if the 
highest grade rheostats are used. It is im- 
portant, however, that these rheostats should 
have a maximum value not greater than about 
1100 ohms, as the addition of a '' thousands“ 
dial, even if not in use, is liable to introduce 
slight capacity errors in the instrument. These 
capacity errors reduce the value of the bridge 
resistance S, and this reduction is independent 
of the frequency. Xs the effective resistance to 
be measured is a function of o?S, the error intro- 
duced in the effective resistance is proportional 
to (frequency)?. This error, however, is neg- 
ligible up to 3000 р.з. if the highest grade 
rheostats are used under the conditions specified 
above. 

Condition (b) can only be satisfied by using a 
condenser with air dielectric. The best mica 
condensers have a power factor of between 0.0002 
and 0.0003, which gives an error of between 4%, 
and 6% in the resistance measurement of a dust 
core loading coil, at a frequency of about 1600 
p.s. This condenser loss can be represented by 
a resistance r, placed in series with the pure 
capacity of the condenser, so that the power 
factor of the combination is the same as that of 
the mica condenser under consideration. This 
equivalent resistance r of the mica condenser can 
be determined by making measurements of a 
coil, using the series resonance bridge in con- 
junction with the Hay bridge. 


THE SERIES RESONANCE BRIDGE. 

The circuit diagram is shown in Fig. 3. In 
general the resistances N, P and Q are each 100 
ohms. 

If the resistances N, P and Q are assumed to 
be non-reactive, the values of L and R, for equal 
values of P and Q, are given by the equations 


I 
wC 
and R2N-S-r. 


L= 


where r is the equivalent resistance of the con- 
denser of capacity C. 

It is seen that the true resistance, determined 
by this bridge, 15 less than the apparent resist- 
ance, if the resistance component r of the con- 
denser, C, is neglected. 

If now, the value of R is determined by the 
Hay bridge, using the same capacity C of the 


SERIES RESONANCE BRIDGE. 


Fic. 3. 


condenser, and balancing the bridge by varying 
P, Q and S, then 
R=v0°CL(S +r) 
LO NR 
since o?CL- 1. 

Thus the true resistance is grealer than the 
apparent resistance if r is neglected. Hence, if 
the mean of the two values of R, as found by the 
series resonance bridge and the Hav bridge, be 
taken, the error due to the resistance of the con- 
denser is eliminated. 
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User ОЕ AIR CONDENSER IN Hay BRIDGE. 

To facilitate the measurement of loading coils, 
a large air condenser, of capacity o.04 micro- 
farads was made up. It consisted of two sets of 
brass plates, (50 plates per set), each plate being 
12 inches square and о.о45 inches thick. The 
clearance between adjacent plates was approxi- 
mately 0.070 inches. Each set of plates was 
securely mounted on four stout brass pillars and 
rigidly clamped to, but insulated from, a cast 
aluminium base. Each set of plates was turned 
through an angle of 45? with respect to the other 
set. The condenser was completely screened 
and mounted in a cubical case, its overall dimen- 
sions being 21 inches. | 

The resistance of this condenser, as deter- 
mined by the two bridge methods described 
above, was found to be less than o.1 ohms. 
Hence the values of the resistance and the 
inductance of loading coils can be found 
accurately using only the Hay bridge, since the 
large size condenser needs comparatively small 
resistances for the bridge arms, P and Q, and 
thereby rheostat errors are reduced to a mini- 


mum. 
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Fic. A. MasuRENMEN T oF INbUcTANCE witu D.C. 
FLOWING THROUGH COIL. 


Fic. 5.—Siipe Wire Comparison METHOD. 


MEASUREMENT OF INDUCTANCE WITH D.C. FLOW- 
ING THROUGH THE COIL UNDER Test. 


The modifications necessary in the Hay bridge 
to enable the inductance of a coil with D.C. flow- 
ing through it to be measured are shown in 
Fig. 4. А low resistance choke is inserted in 
the battery leads to prevent the telephone receiver 
being short-circuited. 

The value of the testing current (a.c.) is most 
satisfactorily measured by reading the voltage 
across the resistance P with а NMoullin type 
thermionic voltmeter M. The voltmeter should 
be removed before final adjustment of the bridge 
is made. 


SLIDE WIRE COMPARISON METHOD FOR THE 
MEASUREMENT OF [NDUCTANCE AND RESISTANCE. 

For rapid testing of large numbers of coils 
(e.g., acceptance tests), a slide wire comparison 
test can be made. 

The circuit diagram is shown in Fig. 5. 
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The coil L,R, to be measured is compared 
with a standard coil L'R’. 

The values of L and R are given by the 
formulae— 


: Q : : : 
If R « R’ P , connection to resistance S 


trom the telephone should be made as shown by 
the dotted lines, and then, 
RSR“ Q -S 
P 

If the standard coil has approximately the 
same angle as the coil under test, the resistance 
S will be very small or zero, and errors due to 
the reactive component of this resistance can be 
neglected. 

Further, provided the inductance of the 
standard coil is of the same order as the test 
coil, the resistance P will be of the same order as 
resistance Q, and, if these resistances are of the 
same type (and practically non-reactive), the 
angles of these resistances will be the same, and 
no error will be introduced in the value obtained 
for the inductance L and the effective resistance 
R of the coil under test. 

A good quality loading coil forms a satisfac- 
tory standard coil, and should be calibrated, as 
described previously, with specified a.c. test 
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currents. The a.c. test current can be ascer- 
tained bv measuring the voltage across the 
standard coil with a Moullin type thermionic 
voltmeter, which should be disconnected before 
making final bridge adjustments. 

It is important that no direct current should 
be passed through the standard coil, as the in- 
ductance would be altered by so doing. 

Summarising these results, it is seen that for 
accurate measurement, by means of the Hay 
bridge, of the effective resistance of loading 
coils, the bridge rheostats must be as non- 
reactive as possible, and the bridge condenser 
must be an air condenser of large capacity, or 
else its resistance must be determined. The Hay 
bridge is then satisfactory for loading coil 
measurements, using frequencies up to 3000 p.s. 
It is estimated that the inductance can be 
measured with an error of less than +0.5% and 
the resistance can be measured with an error of 
less than 4 296. 

For rapid routine testing a slide wire com- 
parison method may be used. А standard load- 
ing coil, of which the inductance and effective 
resistance are known, is then required. 

This article gives details of measurement by 
means of capacitv bridges only, as previous work 
on bridges using inductance had indicated that 
accurate results could not be obtained without 
specially made (and very expensive) inductance 
coils, in the use of which elaborate precautions 
are necessary to avoid errors due to stray mag- 
netic fields and capacity effects. 
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ROFESSIONAL CIVIL SERV ANTS.— 

The dinner of the Institution of Profes- 

sional Civil Servants was held at the 
Connaught Rooms on Thursday, 29th Novem- 
ber. Sir Samuel Hoare, Secretary of State for 
Air, was the principal guest and proposed the 
toast of the Institution. Sir Richard Redmayne, 
President of the Institution, replied. 

Mr. F. A. A. Menzler, Chairman of the 
Council of the Institution, proposed '' The 
Guests," and Sir Russell Scott, Controller of 
Establishments at the Treasury and Chairman 
of the National Whitley Council, and Professor 
julian Huxley replied. 

There were 330 present, and amongst the 
guests were :—Sir Evelyn P. Murray, K.C.B., 
Secretary, Post Office ; Sir Brodie H. Henderson, 
K.C.M.G., C.B., President, Institution of Civil 
Engineers; Lt.-Col. K. Edgecumbe, R. E. (J.), 
President, Institution of Electrical Engineers; 
Professor Julian S. Huxley, President, Associa- 
tion of Scientific Workers; and Mr. C. В. 
Fisher, C. B. E., President, Surveyors’ Institu- 
tion. 


The Civil Service Arts Magasine — We аге 
pleased to note that the Arts movement in the 
Civil Service will soon have its own Magazine. 
An influential Editorial Committee, representing 
the various arts, has been formed to produce an 
illustrated Quarterly, The Civil Service Arts 
Magazine," price sixpence, the first number of 
which will appear early in the New Year. The 
Committee is as follows:—Sir Cecil Harcourt 
Smith, C.V.O., L. L. D.; Prof. W. Rothenstein ; 
Dr. Arthur Somervell, Mus. Doc.; Mr. N. 


Curtis-Bennett, C. V. O.; Dr. С. F. Herbert 
Smith, Y. Se. Mr. C. J. G. Tate, G. B. E.; Mr. 
F. M. Chapman; and the Editor is Mr. S. 
McKechnie. 

“The Civil Service Arts Magazine“ will 
publish announcements and reports supplied by 
{һе various Societies, and a great deal of space 
will be devoted to lengthy and authoritative 
criticisms of Dramatic Performances, Art and 
Photographic Exhibitions, Concerts, etc., with 
illustrations. Articles on the different arts and 
book reviews will be a prominent feature, and for 
these the Magazine is assured of the services of 
many notable writers. The art paper and high- 
class printing will make the Magazine a record 
of their activities and achievements which mem- 
bers of Societies will be proud to treasure. The 
Magazine, of course, will also appeal to the 
general reader with an interest in the various 
arts. 

Communications from those willing to act as 
Agents or assist in any way should kindly be 
sent to the Editor, ‘“ The Civil Service Arts 
Magazine," Room 208, Treasury Chambers, 
London, S.W.r. 


Mr. H. M. Pease has relinquishe the position 
of Managing Director of Standard Telephones 
and Cables, Limited, due to the pressure of work 
occasioned by his position as Vice-President and 
General Manager in Europe of the International 
Standard Electric Corporation. 

Mr. Frank Gill has been appointed Chairman 
of the Board and Mr. E. S. Byng Managing 
Director of Standard Telephones and Cables. 
Limited. 
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Mr. Reginald Alexander Dalzell, formerly 
Director of Telegraphs and Telephones, died at 
Dulwich Village on Tuesday, 27th November, 
at the age of 63. The following notice is taken 
from The Times of the 28th November :— 

'" Mr. Dalzell was the son of the late Mr. 
Nicholas A. Dalzell, Conservator of Woods and 
Forests, and was born at Poona in 1865. He 
was educated at Dulwich College, and in 1881 
entered on his long connexion with the telephone 
service, first with the Globe Company, then with 
the United Company, and afterwards with the 
National Telephones. When the National Com- 
pany was taken over by the State in 1912, Mr. 
Dalzell, who was then Provincial Superintendent 
for the West of England, was transferred to the 
Post Office, and in 1916 became head of the 
Traffic Section. In 1922 he was promoted to be 
Director of Telegraphs and Telephones, and Mr. 
Kellaway, who was then Postmaster-General, in 
announcing the new appointment, described Mr. 
Dalzell as one of the ablest men on the telephone 
side. One of the most important developments 
during his tenure of office was the opening of the 
‘Transatlantic telephone service. By his friends 
at the Post Office his death will be felt as a real 
personal loss, for thev had learnt to know him 
not only as a very competent departmental chief, 
but also as a very lovable colleague. Не retired 
from the service only in July of last year. Mr. 
Dalzell leaves a widow and one daughter.“ 


The Telephone Development Association has 
taken a large space at the Schoolboys’ Own 
Exhibition in the New Horticultural Hall, West- 
minster, from December 29th till the 5th January, 
for educational work in connection with the use 
of the telephone. An actual working board of 
automatic apparatus is being shown, as the 
Association is of the opinion that that type of 
apparatus will be universal when the youngsters 
are old enough to have an office or house of their 
own. Side by side with this exhibit, are shown 
early models of telephone parts and apparatus, 
Graham Bell’s first telephone, etc., lent and 
arranged by the South Kensington Science 
Museum, to demonstrate the enormous advances 
made in telephone engineering during the last 
fifty years. 

The Association has been pressing upon the 
Government the desirability of increasing capital 


expenditure on telephone works, which, it is 
argued, can be made revenue earning without 
undue loss of time by an energetic publicity 
campaign. Figures are quoted from the Com- 
mercial Accounts of the Post Office, showing 
that during the past five years the net surplus 
from the telephone service, after paying Interest 
on Capital, Administrative and operating ex- 
penses, maintenance, depreciation, pensions, 
etc., has amounted to 3, 833, 137, which amount, 
of course, has reverted to the Treasury. There 
were lean years earlier, however, before the rates 
were raised, and Sir Henry Bunbury has pointed 
out that the capital cost per station is continually 
rising. А publicity campaign to induce sub- 
scribers to use their telephones oftener would 
also be of value. 


The High Commissioner for Canada in 
London communicates the following paragraphs 
prepared by the Natural Resources Intelligence 
Branch of the Department of the Interior at 
Ottawa : — 


Canadian Trans-Continental Telephone Line. 
Western Link Completed. 


On November 6th last, telephone conversa- 
tions were exchanged between Edmonton, 
Alberta, and Victoria, B.C., in order to mark 
the completion of the western link in the“ Al- 
Canadian " trans-continental telephone line. 

From Edmonton Dr. William Egbert, Lieu- 
tenant-Governor of :\lberta, conversed with R. 
R. Bruce, Lieutenant - Governor of British 
Columbia at Victoria. The Hon. F. S. Tolmie, 
Premier of British Columbia, was switched 
through from Victoria to Dr. Egbert at Edmon- 
ton and the Hon. J. E. Brownlee, Premier of 
Alberta, who was in Vancouver, got in touch 
with the Hon. V. W. Smith, Minister of Rail- 
ways and Telephones, at Edmonton. The 
Mayor of Vancouver also conversed with the 
Mayors of Calgary and Edmonton. The line 
was in perfect working order and the transmis- 
sion was so good that all the conversations were 
heard as easily and distinctly as if between 
adjoining rooms, instead of over long ranges of 
mountains in two Provinces. 

'The completion of the new line not only en- 
ables Calgary, Edmonton, Vancouver, Victoria 
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and other points in Alberta and British Columbia 
to converse with each other and with points in 
central Canada over all-Canadian wires, but 
with the last link between Quebec and New 
Brunswick nearing completion, forms an іт- 
portant link in a coast to coast service which is 
assured in the near future, with no foreign point 
touched. 


Radio Telephone Service Proposed for British 
Columbia Coast. 


The British Columbia Telephone Company 
contemplates the installation of a radio telephone 
service to outlying points along the Pacific 
coast of Canada where conditions render the 
ordinary ground lines prohibitive owing to their 
cost. 


The cable is a composite one, being made up 
of the following conductors : —28 pr./100 Q. P. 
+0 pr./100 Tw. + 15 pr./150 Tw. + 22/200 5.5. 
+42/70 S.S. It is approximately 33“ in 
diameter, and is carried in a 4" C.I. pipe. The 
pipe was laid over 20 vears ago, at a depth of 
14“, and the roots of the elm tree had grown 
around it. 

The position into which the pipe and cable 
were raised on the roots of the tree is shown in 
the photograph. The pipe and cable were lifted 
from the ground for a distance of ro yards, the 
maximum height above the footway level being 
4 ft. The maximum horizontal displacement 
was 4 ft. 6 inches. In order to avoid the in- 
crease in the strain on the cable which appeared 
likely to result from the settling down of the 


WESTERN UNDERGROUND PIPE AND CABLE LIFTED BY ROOTS OF FALLING ELM NEAR. BRISTOL. 


A Unique Occurrence.—The severe gale which 
swept over England on the 16th of November 
uprooted many trees. At Brislington, a suburb 
of Bristol, the Western underground pipe and 
cable in the footway were lifted out of the 
ground by the roots of a large elm tree which 
was blown down. The tree, which fell into the 
adjoining field, stood immediately on the field 
side of a low wall which forms the boundary of 
the footpath. | 


fallen tree, the trunk of the tree was sawn off 
near the roots. After roots and soil had been 
removed sufficiently to permit of the work being 
carried out, the pipe and cable were lowered to 
their former position so far as this could be done. 
The cable slack which resulted from the strain 
could be only partially taken up in the trench. 

A coupling existed at a distance of 23 vards 
from the fallen tree on the Bristol side, and it 
was desired to examine the conditions at this 
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joint without delay. Another large elm tree 
stood in the roadside bank at this point, how- 
ever, and cracks in the footway, due to the strain 
to which the tree had been subjected by the gale, 
showed that the ground could not safely be dis- 
turbed until the tree had been felled. 

When the cable was examined at this coupling 
point it was found that it had been drawn a 
distance of 4", and that the plumber's wipe was 
jammed against the shoulder of the coupling. 
On opening up the joint it was apparent that 
the displacement of conductors and sheathing, 
respectively, had been unequal, and that the con- 


ductors had drawn through the sheathing. The 
nearest joint on the Bath side was 93 yards 
distant from the uprooted section of cable, and 
it was found at that point that the displacement 
of the cable was 2". 

It is remarkable that notwithstanding the 
extraordinarv strain to which the cable was sub- 
jected no faults resulted. Five pipes were badly 
fractured, and the cable sheathing was heavilv 
indented in several places and otherwise dam- 
aged. It was decided to replace the damaged 
cable over a length of 40 vards and this work 
has been carried out. А. RATTUE. 
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EXCHANGE DEVELOPMENTS. 


The following works have been completed : — 


i 
Exchange. Туре. No. of Lines. 
Bermondsey Мех Ашо. | 2600 
Monument ТЕ T Med » | 10000 
St. Marychurch ... T Е | " | 317 
Brighton “ . Auto Extn. | = 
Cheltenham Э | 535 
Ноуе . ae Е m = 
Leeds ids um T zia D | = 
Portslade ўз 90 
Rottingdean as 85 55 | 80 
Southwick А sis ace $5 370 
Bishops Stortford New Manual | 460 
Byfleet... ius uae — 35 | 700 
Chigwell РЕ 855 55 | 520 
Fleet e T 785 EE s | 320 
Harpenden in vis m i 700 
Horsham i ВЕТ - "T i 720 
Norbury Relief . a Те is 1900 
Rainham (Essex) 925 Є " i 740 
Tudor Relief ... E M v 3500 
Bristol DN es ‘Manual Extn.! 1700 
Cambridge (Advance) ... "E 955 | 1480 
Mansfield em ss se i 55 | 460 
Port Talbet ... " iue | 55 180 
Purley «ds "T кез d 35 1020 
Putney | ae 1040 
Smethwick | " 580 
Streatham i 15 660 
Sydenham - 2. | m 400 
Willesden "m $29 сав 35 1700 
Broome and Foster . P. A. B. X. 30 
Dudley Guardians е hs о 3$ 30 
Fleetwood Co-op. Society " 20 
Gonville & Caius College Уз 20 
Jarrow & Hebburn Co-op. ке 30 
Manchester Corporation sae, 4 js 300 
May & Co. I. P ' 20 
Morris Garages, Ltd. ... mae 8 33 20 
Pearson Dorman Long - M 40 
Ratcliffe & Ratcliffe . me " ! 20 
Reading Co-op. Society Уз | 20 
Trade Union Congress she Е 100 
Walter Martin, Ltd. . . "X 3s i 20 
Wimbledon Motors, Ltd. sse. || | 30 
Illustrated London News P. A.B. X. Ex. : 50 
Jeager Co., Ltd. ee oM » | А 
Outram & Co. .. ә » i 20 


Exchange. | Type. 


Ё No. of Lines. 
Royal Arsenal Co-op. " iP. А. B. X. Ex. 30 
Synthetic Ammonia, Ltd. m 5s | 200 
Walsall & W. Bromwich Union з 20 
West Riding C. Council » 40 
Wiggins & Co. ... te ” | 30 


Orders have been placed for the following 
works :— 


Exchange. Type. No. of Lines. 
Blackfriars (Manchester) New Auto 9700 
Livingstone Е РИ" Sine $5 3000 
Manchester — Auto Manual 200 (Posns.) 
Cwmbran "T 825 Auto Extn. 127 
Excter Т РА S АЯ 7бо 
Harrogate к oes iss » 1700 
Newport (Mon.) m e" 53 400 
Redhill iM p New Manual 1264 
Skegness ЕА T A ix 620 
Bournemouth i Manual Ext. 680 
Brixton уй oe ae bs 800 
Canterbury si 385 E: Е 700 
Derby jae — ЖН s уз тобо 
Greenwich -— - 808 35 1080 
Norwich зея 587 p 33 380 

New 
Broeme & Foster P. A. B. X 30 
Davis Theatre, Ltd. ... 52 » 30 
Edwards Ringer & Bigg, Ltd. » 30 
J. Garner & Sons s НЕЯ " 30 
Gonville & Caius College не 20 
Jarrow & Hebburn Co-op. ... ” 30 
Manchester Corporation ae г 300 
Preston Corporation ... one 35 20 
Southern Oil Co. 2 m 20 
Universal Grinding Wheel Co. эз 30 
Wimbledon Motor Works то $s 30 
Dunlop Rubber Co. P. A. B. X. Ex. 10 
Illustrated London News гар ту 50 
Jaeger Co., Ltd. "E А m — 
Lloyds Packing Warehouses... 35 30 
London Express Newspaper ... ў 40 
Royal Arsenal! Co-op. .. 3 30 
Walsall & W. Bromwich Union 35 20 


West Riding C. Council , 
Wiggins & Co. ... e Е Т ; 30 
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LIEUT-COL. А. S. ANGWIN, B.Sc., D.S.O., M. C., T. D. 


laguT.-Cór. K. S. Wawel, D.5.0., M. C., T.D. 


LizuT.-CoL. A. S. ANGWIN, who succeeded 
Lieut.-Col. A. G. Lee as Staff Engineer in 
charge of the Radio Section at headquarters in 
june, 1928, graduated B.Sc. (Engineering), at 
London Universitv from East London College 
after winning a Whitworth Exhibition scholar- 
ship in 1902. He was apprenticed to Messrs. 
Yarrow and Co., the well-known engineers and 
shipbuilders, and passed through their shops 
and drawing office. 

He entered the P.O. service as Second Class 
Engineer by open competition in 1906, and after 
probationary training in Hornsey Section he 
was appointed to Glasgow Construction Section. 
From 1:909, he acted as sectional engineer in 
charge of underground and exchange construc- 
tion for new Glasgow exchanges and transfer 
of N.T. Coy.'s plant. 

Always an enthusiast in military matters, he 
raised the Lowland Division Telegraph Coy., 
on the formation of the Territorial Force and 
was gazetted Captain in command of the 
Company. This company was comprised, 
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officers and men, almost entirely of Glasgow 
P.O. officials, telegraphists, linemen, etc. The 
unit was mobilised in 1914, and formed into the 
52nd Divisional Signal Company with Captain 
Angwin, promoted Major, as Officer in Com- 
mand. Не served through the war with the 
unit in Gallipoli, Egypt, Palestine and France. 
Major Angwin was mentioned in despatches 
five times, and was awarded the M.C., and the 
D.S.O. After the war he commanded the 44th 
(Ноте Counties) Divisional Signal Coy. until 
1927, when he was awarded the T.D. (20 years’ 
service). lle is now serving as Deputy Chief 
Signal Officer, Eastern Command. 

Col. Angwin returned to Glasgow after the 
war for three months, but was transferred to 
the Engineer-in-Chief Office Wireless Section `n 
connection with the work at Leafield and Cairo 
Wireless Stations, which were to form part of the 
Imperial Chain. He was appointed Executive 
Engineer in April, 1920, and twice renewed his 
acquaintance with Egypt over the building and 
operation of the Cairo Station. He was largely 
responsible for the construction of the Rugby 
Masts and Aerial Svstems and in conjunction 
with Mr. Walmslev he was awarded the Telford 
Premium by the Institution of Civil Engineers 
for a paper on that subject read before the 
Institution. 

Col. Angwin was promoted Assistant Staff 
Engineer in March, 1925. Пе was closely 
associated with the construction of the Radio 
Beam Stations, supervising the contracts with 
the Marconi Cov., checking the work in pro- 
gressand carrving out experimental and research 
investigations. Mong with Messrs. Shaugh- 
nessv and Lee he had been engaged in the 
development of Transatlantic Telephony in 
collaboration with the А.Т. and T. Companv, 
and last vear he paid a visit to the States in 
connection with the provision of additional chan- 
nels to be operated on Short Waves to carry 
the growing traffic. 

He is an Associate Member of the Institution 
of Civil Engineers, and a Member of the I. E. E. 
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LONDON DISTRICT NOTES. 


Telephones.—The following figures shew the 
changes in the number of exchange lines, exten- 
sions, and stations during the three months 
ending 30th September, 1928, and the total at 
the same date: — 


Increase. Total. 
Exchanges lines.. 5,777 347,598 
Extensions . 4515 292,170 
Stations... . . 9,836 583,567 


External Plant WDuring the same period the 
changes shewn below have occurred in mileage : 


Telegraphs.—.X nett decrease in open wire of 
20 miles and a nett increase of 325 miles in 
underground. 


Telephones, Exchange. —A nett decrease in 
open wire (including aerial cable) of 2 miles 
and a nett increase of 64,591 miles in under- 
ground. 


Telephone, Trunks.-—A nett increase in open 
wire of 7 miles and a nett increase of gog miles 
in underground. 


Pole Line.—A nett increase of 19 miles, the 
total to date being 5,887 miles. 


Pipe Line.—A nett increase of 281 miles, the 
total to date being 10,041 miles. 

The total single wire mileages at the end of 
the period under review were: — 


Telegraphs 25,780 
Telephones—Exchange 2,368,307 

уз Trunk 74,188 
Spares 99,542 


TELEPHONE EXCHANGE PROGRESS. 


The following information will give an indica- 
tion of the progress that is being made in 
providing new Telephone Exchanges in the 
London Area. 

The Monument Automatic Exchange, with 
Mansion House Hypothetical working thereon, 
was opened for traffic on the 3rd November. 
The exchange is situated in the present Royal 
Exchange building, and is equipped for 9450 
lines. 

The following Manual Exchanges have been 
opened recently :— 


Chigwell, No. 1 C.B., type equipped with 
520 lines, opened October 18th. 

Rainham, No. 1 C.B., type equipped with 
740 lines, opened October 28th. 

Tudor, No. 1 C.B., type equipped with 5,000 
lines, opened November rst. 

Molesey and Sutton New Manual Exchanges 


are rapidly nearing completion апа will be 
opened early in January. 


The following New Exchange Buildings are 
being equipped :— 


Auto Exchanges. Manual Exchanges. 


No. of No. of 
Exchange. equipped Exchange. equipped 
| lines. lines. 
Welbeck 8700 Pollards 
Beckenham 3000 (Relief) 1900 
Temple Bar | 7700 Valentine | 
Reliance | 2700 (Relief) 1500 
Metropolitan 9500 Hornchurch 880 
National 9500 
Western 7100 
Maida Vale 7500 
Archway 3100 
Edgware 1300 
Hendon 3100 
Flaxman 9900 
Fulham 7500 
—— — Án n— 


New Exchanges on which building construction 
work has been commenced. 


Addiscombe. 

Amherst (Hackney Area). 
Emberbrook (Ditton Area). Primrose Hill. 
Hillside. Prospect (Barnes). 
Ilford. Redhill. 

Gulliver (Kentish Town). Shepherds Bush. 


Mitcham. 
Pollards (Norbury). 


Livingstone (Norwood). Stanmore, 
Loughton. Terminus (King’s Cross). 
Macaulay (Nine Elms) Upminster. 


New Exchanges on which building construction 
is on the point of being started. 


Ingrebourne (Harold Wood). 
Leytonstone. 

Romford. 

Theydon Bois. 

Whitehall. 


In addition to the above cases, sites for 21 
new exchanges have been secured, and searches 
for suitable sites are being made in 14 other 
cases. 
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Power Work. 


Following the adaptation of the old Letter 
Office at Mt. Pleasant for Parcel work, 19 band 
conveyors have been installed to facilitate trans- 
port of parcels and bags between the sorting 
points, loading platforms, and the chutes lead- 
ing to the P.O. Railway Station. The 
conveyors have bands varying from 30” to 36" 
wide, running at a speed of 200 feet per minute 
and capable of carrving total loads varing from 
1,040 to 4,400 lbs. 

The erection of a new 800 k.w. motor con- 
verter of the La Cour type in the Mt. Pleasant 
Sub-station is practically complete, and tests in 
situ will shortly be made. The set takes current 
at 6600 volts 3-phase 50 cvcles on the A.C. side 
and delivers at 440 volts D.C. 


'TELEGRAPHS. 


The Public Telegraph Office at the G.P.O. 
West has been removed from the rear to the 
front of the building in St. Martin's-le-Grand. 
This has involved the shifting of tubes, tele- 
phones, etc. The improved general appearance 
and accessibility of the Office should bring 
about a considerable increase of business. 

The well-known '' Centre" in the C.T.O. 
has now been surrendered bv the builders, who 
Lave constructed a new floor, supported by a 
bridge across the southern half of this tele- 
graph gallerv. Three multiplex sets have 
alreadv been restored and the opportunity ‘s 
being taken to supersede the old metal-framed 
tables by wood tables of solid construction. It 
is hoped that by this means vibration will be 


practically eliminated. Collection of messages 
by band carriers 15 to follow. 

Additional four-slip electrical  perforators 
have been installed to displace a number of old 
stvle pneumatic punchers. 

The number of Teleprinters continues to in- 
crease. These are chiefly of the 3-A type. 
The necessity for adapting the machines to 
alternating current working has arisen and 
instruments fitted with alternating motors are 
now being tried on a London circuit. 

There has been an appreciable increase in the 
number of Teleprinters fitted in London for 
private wire renters. 


PNEUMATIC TUBES. 


It may not be generally known that the 
pneumatic power supplied for tubes which are 
provided for renters is measured in terms of 
time. Meters are fitted and governed by con- 
tact points which function when the valves are 
operated. А new type of meter is now under 
trial. 

Manv complaints have been received about 
the noise occasioned in instrument rooms by 
pneumatic tube working. India-rubber carriers 
are about to be extensively tried, on both large 
and small house-tubes. The experimental 
carriers have been found quieter in working and 
it is hoped that the noise will be materially 
reduced. 


TELEPHONE KIOSKS. 


There are now 1,119 Kiosks in the London 
area. The increase last quarter was over 20 per 
cent. 
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THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 
LONDON CENTRE. 


HE meeting of the Centre on Tuesday, 
the 13th November, was favoured by the 
presence of Dr. T. А. Watson, who was 

on a visit to this country from the United States 
and who had kindly consented to give an address 
on The Birth ot the Telephone." The 
Engineer-in-Chief, president of the institution, 
presided and introduced Dr. Watson to the 
packed audience in a felicitous speech. The 
audience stood up en masse when Dr. Watsoa 
rose to speak and received him with loud and 
continued applause. At the close of his address, 
which was delivered in a charming manner with 
manv bright personal touches, Dr. Watson was 
awarded a verv cordial vote of thanks. 


THE BIRTH AND BABYITOOD OF THE 
TELEPHONE: 


DR. WATSON'S ADDRESS. 


I am to speak to vou of the birth and baby- 
hood of the telephone, and something of the 
events which preceded that important occasion. 
These are matters that must seem to vou 
ancient history; in fact, they seem so to me, 
although the events all happened in the vears 
1874 to 1880. 

The occurrences of which I shall speak, lie in 
mv mind as a splendid drama, in which it was 
ту great privilege to play a part. I shall try 
to put mvself back into that wonderful play, and 
tell vou its story from the same attitude of mind 
І had then—the point of view of a mere boy, 
just out of his apprenticeship as an electro- 
mechanician, intenselv interested in his work, 
and full of bovish hope and enthusiasm. There- 
fore, as it must be largely a personal narrative, 
l shall ask you to excuse my many “ 's“ and 
" my's"' and to be indulgent if I show how 
proud and glad Т am that І was chosen bv the 
fates to be the associate of Alexander Graham 
Bell, to work side bv side with him day and 
night through all these wonderful happenings 
that have meant so much to the world. 

The Williams’ Electrical Workshop.—t 
realize now what a luckv boy I was, when at 13 


vears of age I had to leave school and go to 

work for my living, although I didn't think so 

at that time. I am not advising mv young 

friends to leave school at this age, for thev mav 

not have the opportunitv to enter college as T 

did at 4o. There's a '' tide in the affairs of 
» 


men,“ vou know, and that was the beginning 
of its flood in ту life, for after trving several 
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vocations—clerking, bookkeeping, carpentering, 
etc.—and finding them all unattractive, I at last 
found just the job that suited me in the electrical 
workshop of Charles Williams, at 109, Court 
Street, Boston—one of the best men I have ever 
known. Better luck couldn't befall a boy than 
to be brought so earlv in life under the influence 
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of such a high-minded gentleman as Charles 
Williams. 

[ want to say a few words about my work 
there, not only to give you a picture of such a 
shop in the early '7o's but also because in this 
shop the telephone had its birth and a geod deal 
of its early development. 

I was first set to work on a hand lathe turning 
binding posts for five dollars a week. The 
mechanics of to-day with their automatic screw 
machines, hardlv know what it is to turn little 
rough castings with a hand tool. How the hot 
chips used to fly into our eyes! One day I had 
ahneidea. I bought a pair of 25 cent. goggles, 
thinking the others would hail me as a bene- 
factor of mankind and adopt my plan. But they 
laughed at me for being such a sissy boy and 
public opinion forced me back to the old time 
honored plan of winking when I saw a chip 
coming. It was not an efficient plan, for 
the chip usually got there first. There was a 
liberal education in it for me in manual 
dexterity. There was no specializing in these 
shops at that time. Each workman built every- 
thing there was in the shop to build, and an 
apprentice also had a great variety of jobs, 
which kept him interested all the time, for his 
tools were poor and simple and it required fots 
of thought to get a job done right. 

There were few books on electricity published 
at that time. Williams had copies of most of 
them in his show case, which we boys used to 
read neons, but the book that interested me most 
was Davis’ Manual of Magnetism, published in 
1847, a copy of which T made mine for 25 cents. 
If you want to get a good idea of the state of 
the electrical art at that time, you should read 
that book. I found it very stimulating and that 
same old copy in all the dignity of its dilapida- 
tion has a place of honour on my book shelves 
to-day. 

My promotion to higher work was rapid. 
Before two years had passed, I had tried my 
skill on about all the regular work of the 
establishment — call bells, | annunciators, 
galvanometers, telegraph keys, — sounders, 
relavs, registers and printing telegraph instru- 
ments. 

Individual initiative was the rule in Williams' 
shop—we all did about as we pleased. Опсе I 
built a small steam engine for myself during 
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working hours, when business was slack. No 
one objected. That steam engine, by the way, 
was the embryo of the biggest shipbuilding 
plant in the United States to-day, which 1 
established some ten vears later with telephone 
profits, and which now employs more than 4,000 
men. 

Such was the electrical shop of that day. 
Crude and small as they were, they were the 
forerunners of the great electrical works of to- 
day. In them were being trained the men who 
were among the leaders in the wonderful 
development of applied electricity which began 
soon after the time of which l am to speak. 
Williams, although he never had at that time 
more than 30 or 40 men working for him, had 
one of the largest and best fitted shops in the 
country. 1 think the Western Electric shop at 
Chicago was the only larger one. That was 
also undoubtedly better organized and did better 
work than Williams'. When a piece of 
machinery built by the Western Electric came 
into our shop for repairs, we bovs always used 
to admire the superlative excellence of the 
workmanship. 

Experience with Inventors.—Besides the 
regular work at Williams’, there was a constant 
stream of wild-eved inventors, with big ideas 
in their heads and little money in their pockets, 
coming to the shop to have their ideas tried out 
in brass and iron. Most of them had an 
“angel” whom they had hypnotized into pay- 
ing the bills. My enthusiasm, and perhaps my 
sympathetic nature, made me a favourite work- 
man with those men of visions, and in 1873-74 
my work had become largely making experi- 
mental apparatus for such men. Few of their 
ideas ever amounted to anything, but I liked to 
do the work, as it kept me roaming in fresh 
fields and pastures new all the time. Had it 
not been, however, for mv vouthful enthusiasm 
—alwavs one of my chief assets—I fear this 
experience would have made me so sceptical and 
evnical as to the value of electrical inventions 
that my future prospects might have been 
injured. 

J remember one limber-tongued patriarch who 
had induced some men to subscribe 1,000 dollars 
to build what he claimed to be an entirely new 
electric engine. I made much of it for him. 
There was nothing new in the engine, but he 
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intended to generate his electric current in a 
series of iron tanks the size of trunks, to be 
filled with nitric acid with the usual zinc plates 
suspended therein. When the engine was 
finished and the acid poured into the tanks for 
the first time, no one waited to see the engine 
run, for inventor, angel, and workmen, all 
tried to see who could get out of the shop quick- 
est. I won the race as I had the best start. 

I suppose there is just such a crowd of crude 
minds still besieging the workshops, men who 
seem incapable of finding out what has been al- 
ready done, and so keep on year after year, 
threshing old straw. 

The “ Harmonic Telegraph.’’—All the men 
I worked for at that time were not of that type. 
'There were a very few different. Among them, 
dear old Moses G. Farmer, perhaps the leading 
practical electrician of that day. He was full of 
good ideas, which he was constantly bringing 
to Williams to have worked out. 1 did much 
of his work and learned from him more about 
electricity than ever before or since. He was 
electrician at that time for the United States 
Torpedo Station at Newport, Rhode Island, and 
in the early winter of 1874, I was making for him 
some experimental torpedo exploding apparatus. 
That apparatus will always be connected in my 
mind with the telephone, for one day when I 
was hard at work on it, a tall, slender, quick- 
motioned man with pale face, black side 
whiskers, and drooping mustache, big nose and 
high sloping forehead crowned with bushy, jet 
black hair, came rushing out of the office and 
over to my work bench. It was Alexander 
Graham Bell whom I saw then for the first 
time. He was bringing to me a piece of 
mechanism which I had made for him under 
instructions from the office. It had not been 
made as he had directed and he had broken 
down the rudimentary discipline of the shop in 
coming directly to me to get it altered. It was 
a receiver and a transmitter of his Harmonic 
Telegraph," an invention of his with which he 
was then endeavouring to win fame and fortune. 
It was a simple affair by means of which, utiliz- 
ing the law of sympathetic vibration, he expected 
to send six or eight Morse messages on a single 
wire at the same time, without interference. 

Although most of you are probably familiar 
with the device, I must, to make my story clear, 


give you a brief description of the instruments, 
for though Bell never succeeded in perfecting 
his telegraph, his experimenting on it led to a 
discovery of the highest importance. 

The essential parts of both transmitter and 
receiver were an electro-magnet and a flattened 
piece of steel clock spring. The spring was 
clamped by one end to one pole of the magnet, 
and had its other end free to vibrate over the 
other pole. The transmitter had, besides this, 
make-and-break points like an ordinary vibrat- 
ing bell which, when the current was on, kept 
the spring vibrating in a sort of nasal whine. 
of apitch corresponding to the pitch of the spring. 
When the signalling key was closed, an electri- 
cal copy of that whine passed through the wire 
and the distance receiver. There were, say, six 
transmitters with their springs tuned to six 
different pitches and six receivers with their 
springs tuned to correspond. Now, theoretically, 
when a transmitter sent its electrical whine into 
the line wire, its own faithful receiver spring 
at the distant station would wriggle sympathetic- 
ally but all the others on the same line would 
remain coldly quiescent. Even when all the 
transmitters were whining at once through their 
entire gamut, making a row as if all the miseries 
this world of trouble ever produced were 
concentrated there, each receiver spring along 
the line would select its own from that sea of 
troubles and ignore all the others. Just see 
what a simple, sure-to-work invention this was; 
for just break up those various whines into the 
dots and dashes of Morse messages and one wire 
would do the work of six, and the “ Duplex "' 
telegraph that һай just been invented would be 
beaten to a frazzle. — Bell's reward would be 
immediate and rich, for Пе ‘ Duplex '' had been 
bought by the Atlantic and Pacific Telegraph 
Company, giving them a great advantage over 
their only competitor, the Western Union Com- 
pany, and the latter would, of course, buy 
Bell's invention and his financial problems 
would be solved. 

All this was, as I have said, theoretical, and 
it was mighty lucky for Graham Bell that it 
was, for had his harmonic telegraph been a well 
behaved apparatus that always did what its 
parent wanted it to do, the speaking telephone 
might never have emerged from а certain 
marvellous conception, that had even then been 
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surging back of Bell’s high forehead for two 
or three years. What that conception was, 1 
soon learned, for he couldn’t help speaking 
about it, although his friends tried to hush it 
up. They didn’t like to have him get the 
reputation of being visionary, or—something 
worse. 

To go on with my story; after Mr. Farmer’s 
peace making machines were finished, I made 
half a dozen pairs of the harmonic instruments 
for Bell. Не was surprised, when he tried 
them to find that they didn’t work as well as 
he expected. The cynical Watson wasn’t at all 
surprised for he had never seen anything 
electrical yet that worked at first the way the 
inventor thought it would. Bell wasn't dis- 
couraged in the least and a long course ot 
experiments followed which gave me a steady 
job that winter and brought me into close 
contact with a wonderful personality that did 
more to mould my life rightly than anything 
else that ever came into it. 

І became mightily tired of those *' whiners "' 
that winter. I called them by that name, per- 
haps, as an inadequate expression of my disgust 
with their persistent perversity, the struggle 
with which soon began to take all the joy out 
of my young life, not being endowed with the 
power of Macbeth’s weird sister to 

* Look into the seeds of time, 
And say which grain will grow and which 
will not." . 

Let me say here, that I have always had a 
feeling of respect for Elisha Grav, who, a few 
years later, made that harmonic telegraph work, 
and vibrate well-behaved messages, that would 
go where they were sent, without fooling with 
every receiver on the line. 

Most of Bell's early experimenting on the 
harmonic telegraph was done in Salem, at the 
home of Mrs. George Sanders, where he resided 
for several years, having charge of the instruc- 
tion of her deaf nephew. The present 
Y.M.C.A. building is on the site of that house. 
I would occasionally work with Bell there, but 
most of his experimenting in which I took part 
was done in Boston. 

Bell’s Theory of Transmitting Speech.—Mr. 
Bell was very apt to do his experimenting at 
night, for he was busy during the day at the 
Boston University, where he was Professor of 
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Vocal Physiology, especially teaching his 
father’s system of visible speech, by which a 
deaf mute might learn to talk—quite significan! 
of what Bell was soon to do in making mute 
metal talk. For this reason 1 would often 
remain at the shop during the evening to help 
him test some improvement he had had me make 
on the instruments. 

One evening when we were resting from our 
struggles with the apparatus, Bell said to me: 
Watson, 1 want to tell you of another idea 
І have, which I think will surprise vou." I 
listened, 1 suspect, somewhat languidly, for I 
must have been working that day about sixteen 
hours, with only a short nutritive interval, and 
Bell had already given me, during the weeks 
we had worked together, more new ideas on a 
great variety of subjects, including visible 
speech, elocution and flving machines, than mv 
brain could assimilate, but when he went on to 
say that he had an idea by which he believed 
it would be possible to talk bv telegraph, my 
nervous system got such a shock that the tired 
feeling vanished. I have never forgotten his 
exact words; they have run in my mind ever 
since like a mathematical formula. ‘ If," he 
said, " I could make a current of electricity 
vary in intensity, precisely as the air varies 
in density during the production of a sound, 
| should be able to transmit speech telegraphic- 
ally." Ile then sketched for me an instrument 
that he thought would do this, and we discussed 
the possibility of constructing one. I did not 
make it; it was altogether too costlv, and the 
chances of its working too uncertain to impress 
his financial backers—Mr. Gardiner С. 
Hubbard and Mr. Thomas Sanders—who were 
insisting that the wisest thing for Bell to do 
was to perfect the harmonic telegraph; then he 
would have the monev and leisure enough to 
build air castles like the telephone. 

June 2nd, 1875.—I must have done other 
work in the shop besides Bell’s during the 
winter and spring of 1875, but | cannot remem- 
ber a single item of it. ] do remember that 
when I was not working for Bell I was thinking 
of his ideas. All through my recollection of 
that period runs that nightmare—the harmonic 
telegraph, the ill working of which got on mv 
conscience, for I blamed my lack of mechanical 
skill for the poor operation of an invention 
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apparently so simple. Try our best, we could 
not make that thing work rightly, and Bell 
came as near to being discouraged as 1 ever 
knew him to be. 

But this spring of 1875 was the dark hour 
just before the dawn. 

If the exact time could be fixed, the date 
when the conception of the undulatory or 
speech-transmitting current took its perfect form 
in Bell’s mind would be the greatest day in 
the history of the telephone, but certainly June 
2nd, 1875, must always rank next; for on that 
day the mocking fend inhabiting that demonaic 
telegraph apparatus, just as a now-you-see-it- 
and-now-you-don’t sort of a satanic joke, opened 
the curtain that hides from man great Nature’s 
secrets and gave us a glimpse as quick as if it 
were through the shutter of a snap-shot camera, 
into that treasury of things not yet discovered. 
That imp didn’t do this in any kindly, helpful 
spirit—any inventors knows he isn’t that kind 
of a being—he just meant to tantalize and prove 
that a man 15 too stupid to grasp a secret, even 
if it is revealed to him. But he hadn't properly 
estimated Bell, though he had probably sized 
me up all right. That glimpse was enough to 
let Bell see and seize the verv thing he had been 
dreaming about and drag it out into the world 
of human affairs. 


THE TELEPHONE Born. 

Coming back to earth, I'll try and tell you 
what happened that day. In the experiments 
on the harmonic telegraph, Bell had found that 
the reason why the messages got mixed up was 
inaccuracy in the adjustment of the pitches of 
the receiver springs to those of the transmitter. 
Bell always had to do this tuning himself, as 
my sense of pitch and knowledge of music were 
quite lacking—a faculty (or lackulty) which you 
will hear later became quite useful. Mr. Bell 
was in the habit of observing the pitch of a 
spring by pressing it against his ear while the 
corresponding transmitter in a distant room was 
sending its intermittent current through the 
magnet of that receiver. Не would then 
manipulate the tuning screw until that spring 
was tuned to accord with the pitch of the whine 
coming {тот the transmitter. АП this 
experimenting was carried on in the upper storv 
of the Williams building, where we had a wire 


connecting two rooms perhaps sixty feet apart 
looking out on Court Street. 

Realization.—On the afternoon of June 2nd, 
1875, we were hard at work on the same old 
job, testing some modification of the instru- 
ments. Things were badly out of tune that 
afternoon in that hot garret, not only the 
instruments, but, I fancy, my enthusiasm and 
my temper though Bell was as energetic us 
ever. lhad charge of the transmitters as usuai, 
setting them squealing one after the other, 
while Bell was retuning the receiver springs one 
by one, pressing them against his ear as | have 
described. One of the transmitter springs I 
was attending to stopped vibrating and I 
plucked it to start it again. It didn't start and 
I kept on plucking it, when suddenly I heard 
a shout from Bell in the next room, and then 
out he came with a rush, demanding, ‘‘ What 
did you do then? Don't change anything. Let 
me see!" I showed him. It was very simple. 
The contact screw was screwed down so far 
that it made permanent contact with the spring, 
so that when I snapped the spring the circuit 
had remained unbroken while the strip of 
magnetized steel by its vibration over the pole 
of its magnet, was generating that marvellous 
conception of Bell's—a current of electricity 
that varied in intensity precisely as the air was 
varying in density within hearing distance of 
that spring. That undulatory current had 
passed through the connecting wire to the dis- 
tant receiver which, fortunately, was a mechan- 
ism that could transform that current back into 
an extremely faint echo of the sound of the 
vibrating spring that had generated it, but what 
was still more fortunate, the right man had that 
mechanism at his ear during that fleeting 
moment, and instantly recognized the trans- 
tendent importance of that faint sound thus 
electrically transmitted. The shout I heard and 
his excited rush into my room where the result 
of that recognition. The speaking telephone 
was born at that moment. Bell knew perfectly 
well that the mechanism that could transmit all 
the complex vibrations of one sound could do 
the same for any sound, even that of speech. 
That experiment showed him that the complex 
apparatus he had thought would be needed to 
accomplish that long dreamed result was not at 
all necessary, for here was an extremelv simple 
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mechanism operating in a perfectly obvious 
wav, that could do it perfectly. All the experi- 
menting that followed that discovery, up to the 
time the telephone was put into practical use 
was largely a matter of working out the details. 

We spent a few hours verifying the dis- 
coverv, repeating it with all the differently 
tuned springs we had, and before we parted that 
night Bell gave me directions for making the 
first electric speaking telephone. l was to 
mount a small drumhead of gold beater's skin 
over one of the receivers, join the centre of the 
drumhead to the free end of the receiver spring 
and arrange a mouthpiece over the drumhead 
to talk into. His idea was to force the steel 
spring to follow the vocal vibrations and gener- 
ate a current of electricity that would vary in 
intensity as the air varies in densitv during the 
utterance of speech sounds. I followed these 
directions and had the instrument readv for its 
trial the very next day. I rushed it, for Bell's 
excitement and enthusiasm over the discoverv 
had aroused mine again, which had been sadly 
dampened during those last few weeks by the 
meagre results of the harmonic experiments. J 
made every part of that first telephone myself, 
but I didn't realize while I was working on it 
what a tremendously important piece of work 
I was doing. 


Tue First TELEPHONE LINE. 


The two rooms in the attic were too near 
together for the test, as our voices would be 
heard through the air, so I ran a wire especially 
for the trial from one of the rooms in the attic 
down two flights to the third floor where 
Williams’ main shop was, ending it near my 
work bench at the back of the building. That 
was the first telephone line. You can well 
imagine that both our hearts were beating 
above the normal rate, while we were getting 
ready for the trial of the new instrument that 
evening. I got more satisfaction from the 
experiment than Mr. Bell did, for shout my best 
I could not make him hear me, but I could hear 
his voice and almost catch the words. І rushed 
up stair and told him what I had heard. It 
was enough to show him that he was on the 
right track, and before he left that night he 
gave me directions for several improvements 


in the telephones I was to have ready for the 
next trial. 

I hope my pride in the fact that I made the 
first telephone, put up the first telephone wire 
and heard the first words ever uttered through 
a telephone, has never been too ostentatious and 
offensive to my friends, but J am sure that you 
will grant that a reasonable amount of that 
human weakness is excusable in me. Mv pride 
has been tempered to quite a bearable degree 
by my realization that the reason why I heard 
Bell in that first trial of the telephone and he 
did not hear me, was the vast superiority of his 
strong vibratory tones over any sound my un- 
developed voice was then able to utter. Му 
sense of hearing, however, has always been 
unusually acute, and that might have helped to 
determine this result. 

The building where these first telephone 
experiments were made is still in existence. It 
is now used as a theatre. The lower stories 
have been much altered, but that attic is Still 
quite unchanged and a few weeks ago | stood 
on the verv spot where | snapped those springs 
and helped test the first telephone thirtv-seven 
vears and seven months before. 


Mr. Watson Heard the Fist Sentence Ever 
Spoken Over the Telephone.—-Of course, in our 
struggle to expel the imps from the invention, 
an immense amount of experimenting had to be 
done, but it wasn't many das before we could 
talk back and forth and hear each other's voice. 
It is, however, hard for me to realize now that 
it was not until the following March that 1 
heard a complete and intelligible sentence. It 
made such an impression upon me that I wrote 
that first sentence in a book І have always pre- 
served. The occasion had not been arranged 
and rehearsed as | suspect the sending of the 
first message over the Morse telegraph had been 
years before, for instead of that noble first 
telegraphic — message—'' What hath God 
wrought? " the first message of the telephone 
was: '' Mr. Watson, come here, I want vou.” 
Perhaps, if Mr. Bell had realized that he was 
about to make a bit of historv, he would have 
been prepared with a more sounding and 
interesting sentence. 

Soon after the first telephones were made, 
Bell hired two rooms on the top floor of an 
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inexpensive boarding house at No. 5, Exeter 
Place, Boston, since demolished to make room 
for mercantile buildings. He slept in one 
room; the other he fitted up as а laboratory. 
| ran a wire for him between the two rooms 
and after that time practically all his experi- 
menting was done there. It was here one 
evening when I had gone there to help him test 
some improvement and to spend the night with 
him, that I heard the first complete sentence 
I have just told vou about. Matters began to 
move more rapidly and during the summer of 
1876, the telephone was talking so well that one 
didn't have to ask the other man to sav it over 
again more than three or four times before one 
could understand quite well, if the sentences 
were simple. 


The Centennial Exposition.—This was the 
vear of the Centennial Exposition at Phila- 
delphia, and Bell decided to make an exhibit 
there. I was still working for Williams, and 
one of the jobs I did for Bell was to construct 
a telephone of each form that had been devised 
up to that time. These were the first nicely 
finished instruments that had been made. There 
had been no money nor time to waste on polish 
or non-essentials. But these Centennial tele- 
phones were done up in the highest style of the 
art. You could see vour face in them. These 
aristocratic telephones worked finely, in spite 
of their glitter, when Sir William Thompson 
tried them at Philadelphia that summer. I was 
as proud as Bell himself, when J read Sir 
William's report, wherein he said after giving 
an account of the tests: need hardly say I 
was astonished and delighted, so were the others 
who witnessed the experiment and verified with 
their own ears the electric transmission of 
speech. This, perhaps, the greatest marvel 
hitherto achieved by electric telegraph, has been 
obtained by appliances of quite a homespun and 
rudimentary character." | have never forgiven 
Sir William for that last line. Homespun! 

However, 1 recovered from this blow, and 
soon after Mr. Gardiner С. Hubbard, after- 
wards Mr. Bell’s father-in-law, offered me an 
interest in Bell’s patents if I would give up my 
work at Williams’ and devote my time to the 
telephone. I accepted, although I wasn't 
altogether sure it was a wise thing to do from 


a financial standpoint. My contract stipulated 
that I was to work under Mr. Bell’s directions, 
on the harmonic telegraph as well as on the 
speaking telephone, for the two men who were 
paving the bills still thought there was some- 
thing in the former invention, although very 
little attention had been given to its vagaries 
after the June 2nd discovery. 

I moved my domicile from Salem to another 
room on the top floor at 5, Exeter Place, giving 
us the entire floor, and as Mr. Bell had lost 
most of his pupils bv wasting so much of his 
time on telephones, he could devote nearly all 
his time to the experimenting. Then followed 
a period of hard and continuous work on the 
invention. I made telephones with every 
modification and combination of their essential 
parts that either of us could think of. I made 
and we tested telephones with all sizes of 
diaphragms made of all kinds of materials— 
diaphragms of boiler iron several feet in 
diameter, down to a miniature affair made of 
the bones and drum of a human ear, and found 
that the best resuits came from an iron dia- 
phragm of about the same size and thickness as 
is used to-day. We tested electro magnets and 
permanent magnets, of a multitude of sizes and 
shapes, with long cores and short cores, fat 
cores and thin cores, solid cores and cores of 
wire, with coils of manv sizes, shapes and 
resistances and mouthpieces of an infinite 
variety. Out of the hundreds of experiments 
there emerged practicallv the same telephone 
vou take off the hook and listen with to-day, 
although it was then transmitter as well as 
receiver. 
“Talking " from Boston to Cambridge.— 
Progress was rapid, and on October oth, 1876, 
we were readv to take the babv out doors for 
the first time. We got permission from the 
Walworth Manufacturing Companv to use their 
private wire running from Boston to Cam- 
bridge, about two miles long. I went to Cam- 
bridge that evening with one of our best tele- 
phones, and waited until Bell signalled from 
the Boston office on the Morse sounder. Then 
I cut out the sounder and connected in the 
telephone and listened. Not a murmer came 
through! Could it be that, although the thing 
worked all right in the house, it wouldn't work 
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under practical line conditions? I knew that 
we were using the most complex ane delicate 
electric current that hae ever been employed 
for a practical purpose and that it was extremely 
intense,“ for Bell had talked through the 
circuit composed of 20 or 30 human beings 
joined hand to hand. Could it be, I thought, 
that these high tension vibrations leaking off at 
each insulator along the line, had vanished 
completely before they reached the Charles 
river? That fear passed through my mind as 
I worked over the instrument, adjusting it and 
tightening the wires in the binding posts, with- 
out improving matters in the least. Then the 
thought struck me that perhaps there was another 
Morse sounder in some other room. I traced 
the wires from the place they entered the build- 
ing and sure enough I found a relay with a 
high resistance coil in the circuit. I cut it out 
with a piece of wire across the binding posts 
and rush back to my telephone and listened. 
That was the trouble. Plainly as one could 
wish came Bell's “ ahoy,’’* I ahoyed back, 
and the first long distance telephone conversa- 
tion began. Sceptics had been objecting that 
the telephone could never compete with the 
telegraph as its messages would not be 
accurate. For this reason Bell had arranged 
that we should make a record of all we said and 
heard that night, if we succeeded in talking ai 
all. We carried out this plan and the entire 
conversation was published in parallel columns 
in the next morning’s Advertiser, as the lastest 
startling scientific achievement. Infatuated 
with the jov of talking over an actual telegraph 
wire, we kept up our conversation until long 
after midnight. It was a very happy bov that 
travelled back to Boston in the small hours with 
the telephone under his arm done up in a news- 
paper. Bell had taken his record to the news- 
paper office and was not at the laboratory when 
I arrived there, but when he came in there 
ensued a jubilation and war dance that elicited 
next morning from our landlady, who wasn’t 
at all scientific in her tastes, the remark that 
we'd have to vacate if we didn’t make less noise 
at nights. 


* Ahoy!” was the telephone shout, and 
was used during ihe experiments, but “ hello!” 
superseded tt when the  lelephone gol into 
practical use. 


Tests on still longer telegraph lines soon 
followed—the success of each experiment being 
in rather exact accordance with the condition 
of the poor, rusty-joined wires we had to use. 
Talk about imps that baffle inventors! There 
was one of an especially vicious and maligant 
(уре in every unsoldered joint of the old wires. 
The genial Tom Doolittle hadn’t even thought 
of his hard drawn copper wire then, with which 
he later eased the lot of the struggling telephone 
men. 


Our Many Visitors.—Meanwhile the fame of 
the invention had spread rapidly abroad and all 
sorts of people made pilgrimages to Bell's 
laboratory to hear the telephone talk. A 
list of the scientists who came to the attic of that 
cheap boarding house to see the telephone would 
read like the roster of the American Association 
for the Advancement of Science. Му old 
electrical mentor, Moses С. Farmer, called one 
day to see the latest improvements. He told 
me then with tears in his eves when he first 
read a description of Bell’s telephone he couldn’t 
sleep for a week, he was so mad with himself for 
not discovering the thing years before. 
"Watson," said he, that thing has flaunted it- 
self in my very face a dozen times within the last 
ten vears and every time | was too blind to see 
it. But, he continued, if Bell had known 
anything about electricity he would never have 
invented the telephone." 

Two of our regular visitors were young 
Japanese pupils of Professor Bell—verv polite, 
deferential, quiet, bright-eved little men, who 
saw everything and made cryptic notes. They 
took huge delight in proving that the telephone 
could talk Japanese. А curious effect of the 
telephone I noticed at that time was its power 
to paralvze the tongues of men otherwise fluent 
enough by nature and profession. | remem- 
ber a prominent lawver, who, when he heard my 
voice in the telephone making some such pro- 
found remark to him as '' Пом do vou do,” 
could onlv replv, after a long pause, 
jig jig and away we go.” 


‘Rig a 


TELEPHONE INSTALLATION. 


We began to get requests for telephone 
installations long before we were ready to 
supply them. In April, 1877, the first out door 
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telephone line was run between Mr. Williams' 
office at 109, Court Street, and his house in 
Somerville. Professor Bell and I were present 
and participated in the important ceremony of 
opening the line and the event was a head- 
liner in the next morning's papers. 


Fiancial Problems.—At about this time Pro- 
fessor Bell's financial problems had begun to 
press hard for solution. We were very much 
disappointed because the President of the 
Western Union Telegraph Company had re- 
fused, somewhat contemptuouslv, Mr. 
Hubbard's offer to sell him all the Bell patents 
for the exhorbitant sum of roo,ooo dollars. It 
was an especially hard blow to me, for while 
the negotiations were pending I had had visions 
of a sumptuous office in the Western Union 
Building in New York which I was expecting 
to occupy as Superintendent of the Telephone 
Department of the great telegraph company. 
Помекег, we recovered even from that facer. 
Two years later the Western Union wouid 
gladly have bought those patents for 25,000,000 
dollars. 

But before that happv time there were lots 
of troubles of all the old and cf several new 
varieties to be surmounted. Professor Bell's 
particular trouble in the Spring of 1877, arose 
from the fact that he had fallen in love with 
a most charming voung lady. [ had never 
been in love mvself at that time and that was 
mv first opportunitv of observing what a serious 
matter it can be, especially when the father 
isn't altogether enthusiastic. I rather suspected 
at that time that that shrewd but kind-hearted 
gentleman put obstacles in the course of that 
true love, in order to stimulate the young man 
to still greater exertion in perfecting his 
inventions. But he might have thought as 
Prospero did: 


sor 


They are both in either's power; but this 
swift business 

I must uneasy make, lest too light winning 

Make the prize light." 


Bell's immediate financial needs were solved, 
however, by the demand that began at this time 
for public lectures bv him on the telephone. 
It is hard to realize to-day what an intense and 
widespread interest there was then in the tele- 


phone. I don't believe any new invention could 
stir the public to-day as the telephone did then, 
surfeited as we are now with the wonderful 
things that have been invented since. 


Telephone Lectures.—-Bell’s first lecture, as I 
have said, was given before a well-known 
scientific society—the Essex — Institute—at 
Salem, Mass. They were especially interested 
in the telephone because Bell was living at 
Salem during the early telephone experiments. 
The first lecture was free to members of the 
societv, but it packed the hall and created so 
much interest that Bell was requested to repeat 
it for an admission fee. This he did to an 
audience that again filled the house. Requests 
for lectures poured in upon Bell after that. 
Such men as Oliver Wendell Holmes and 
Henry W. Longfellow signed the request for the 
Boston lectures. The Salem lectures were soon 
followed bv a lecture in Providence to an 
audience of 2,000, bv a course of three lectures 
at the largest hall in Boston—all three packed 
—bv three in Chickering Hall, New York, and 
bv others in most of the large cities of New 
England. They all took place in the Spring 
and early Summer of 1877, during which time 
there was little opportunitv for experimenting 
tor either Bell or mvself, which I think now was 
rather a good thing, for we had become quite 
stale and needed a change that would give us 
a new influx of ideas. Mv part in the lectures 
was important, although entirelv invisible as 
far as the audience was concerned. І was 
alwavs at the other end of the wire, generating 
and transmitting to the hall waere Professor 
Bell was speaking, such telephonic phenomena 
as he needed to illustrate his lectures. I would 
have at my end circuit breakers—rheotomes, 
we called them—that would utter electric howls 
of various pitches, a lusty cornet player, some- 
times a small brass band, and an electric organ 
with Edward Wilson to play on it, but the 
star performer was the young man who two 
vears before didn't have voice enough to let 
Bell hear his own telephone, but in whom that 
two vears of strenuous shouting into mouth- 
pieces of various sizes and shapes had developed 
a voice with the carrying capacity of a steam 
calliope. Mv special function in these lectures 
was to show the audience that the telephone 
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could really talk. Not only that, I had to do 
all the singing, too, for which my musical 
deficiences fitted me admirably. 


My Telephone Intertainers.—Professor Bell 
would have one telephone by his side on the 
stage where he was speaking, and three or four 
others of the big box variety we used at that 
time would be suspended about the hall, ail 
connected by means of a hired telegraph wire 
with the place where I was stationed, from five 
to twenty-five miles away. Bell would give 
the audience, first, the commonplace parts of 
the show and then would come the thrillers of 
the evening—my shouts and songs. I would 
shout such sentences as, “ How do vou do," 
'* Good evening,” “ What do vou think of the 
telephone?“ which they could all hear, al- 
though the words issued from the mouthpieces 
rather badly marred by the defective talking 
powers of the telephones of that date. Then | 
would sing '' Hold the Fort," “ Pull for the 
Shore," “ Yankee Doodle,” and as a delicate 
allusion to the Professor’s nationality, ** Auld 
Lang Syne.” My sole sentimental song was 
" Do Not Trust Him, Gentle Lady." This 
repertoire always brought down the house. 
After every song | would listen at my telephone 
for further directions from the lecturer, and 
always felt the artist’s joy when I heard in it 
the long applause that followed each of my 
efforts. I was always encored to the limit of 
mv repertoire and sometimes had to sing it 
through twice. 

I have alwavs understood that Professor Bell 
was a fine platform speaker but this is entirely 
hearsay on my part for, although I spoke at 
every one of his lectures, I have never vet had 
the pleasure of hearing him deliver an address. 


First. Sound-Proof Booth.—In making the 
preparations for the New York lectures I 
incidentally invented the sound-proof booth, but 
as Mr. Lockwood was not then associated with 
us, and for other reasons, I never patented it. 
It happened thus: Bell thought he would like 
to astonish the New Yorkers by having his 
lecture illustrations sent all the way from 
Boston. To determine whether this was 
practicable, he made arrangements to test the 
telephones a few days before on one of the 
Atlantic and Pacific wires. The trial was to 


take place at midnight. Bell was at the New 
York end, 1 was in the Boston laboratory. 
Having vividly in mind the strained relations 
already existing with our landlady, and realiz- 
ing the carrving power of mv voice when I 
really let it go, as 1 knew I should, have to 
that night, | cast about for some device to 
deaden the noise. Time was short and appli- 
ances scarce, so the best I could do was to 
take the blankets off our beds and arrange them 
in a sort of loose tunnel, with the telephone 
tied up in one end and the other end open for 
the operator to crawl into. Thus equipped ! 
awaited the signal from New York announcing 
that Bell was ready. It came soon after mid- 
night. Then I connected in the telephone, 
deposited mvself in that cavity, and shouted 
and listened for two or three hours. It didn’t 
work as well as it might. It is a wonder some 
of mv remarks didn't burn holes in the blankets. 
We talked after a fashion but Bell decided it 
wasn’t safe to risk it with a New York audience. 
My sound-proof booth, however, was a com- 
plete success, as far as stopping the sound 
was concerned, for I found by cautious inquiry 
next dav that nobody had heard mv row. Later 
inventors improved my booth, making it more 
comfortable for a pampered public but not a 
bit more sound-proof. 


“ The Supposlilious Mr. Watson.’’—One of 
those New York lectures looms large in my 
memory on account of a novel experience I had 
at mv end of the wire. After hearing me sing, 
the manager of the lectures decided that while 
I might satisfy a Boston audience I would never 
do for a New York congregation, so he engaged 
a fine baritone soloist—a powerful negro, who 
was to assume the singing part of my program. 
Being much better acquainted with the 
telephone than that manager was I had doubts 
about the advisability of this change in the cast. 
| didn't sav anything, as I didn't want to be 
accused of professional jealousv, and I knew 
mv repertoire would be on the spot in case 
things went wrong. I was stationed that night 
at the telegraph office at New Brunswick, New 
Jersey, and I and the rest of the usual 
appliances of that end of the lecture went down 
in the afternoon to get things readv. I rehearsed 


my rival and found him a fine singer but had 
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difficulty in getting him to crowd his lips into 
the mouthpiece. He was handicapped for the 
telephone business by being musical, and he 
didn’t like the sound of his voice jammed up 
in that way. However, he promised to do what 
I wanted when it came to the actual work of 
the evening, and I went to supper. When I 
returned to the telegraph office, just before 
eight o'clock, 1 found to my horror that the 
young lady operator had invited six or eight 
of her dear friends to witness the interesting 
proceedings. Now, besides my musical defici- 
encies, I had another qualification as a telephone 
man—I was verv modest; in fact, in the 
presence of ladies, extremely bashful. It didn't 
trouble me in the least to talk or sing to a great 
audience, provided, of course, it was a few miles 
away, but when I saw those girls, the com- 
placency with which I had been contemplating 
the probable failure of my fine singer was 
changed to painful apprehension. If he wasn’t 
successful a very bashful young man would 
have a new experience. I should be obliged to 
sing myself before those giggling, unscientific 
girls. This world would be a better place 'o 
live in if we all tried to help our fellow-men 
succeed, as I tried that night, when the first 
song was called for, to make my musical friend 
achieve a lyrical triumph on the Metropolitan 
stage. But he sang that song for the benefit 
of those girls, not for Chickering Hall, and it 
was with a heavy heart that I listened for Bell's 
voice when he finished it. The blow fell. In 
his most delightful platform tones, Bell uttered 
the fatal words I had foreboded, Mr. Watson, 
the audience could not hear that. Won't you 
please sing? Bell was always a kind-hearted 
man, but he didn't know. However, I nerved 
myself with the thought that that New York 
audience, made sceptical by the failure of that 
song, might be thinking cvnical things about 
mv beloved leader and his telephone, so I 
turned mv back on those girls and made that 
telephone rattle with the stirring strains of 
Hold the Fort," as it never had before. 
Then I listened again, АҺ, the sweetness of 
appreciation! That New York audience was 
applauding vigorously. When it stopped, the 
same voice came with a new note of triumph in 
it. Mr. Watson, the audience heard that 
perfectly and call for an encore." I sang 


through my entire repertoire and began 
again on Hold the Fort,” before the audience 
was satisfied. That experience did me good, 
I have never had stage fright since. But the 
" suppostitious Mr. Watson," as they called 
me then, had to do the singing at all of Bell's 
subsequent lectures. Nobody else had a chance 
at the job; one experience was enough for Mr. 
Bell. 

My baritone had his hat on his head and a 
cynical expression on his face, when I finished 
working on those songs. Is that what vou 
wanted? " he asked. Yes." ell, boss, 
I couldn't do that." Of course he couldn't. 


An Exhibition in Lawrence.—Another occa- 
sion is burnt into my memory that wasn’t such 
a triumph over difficulties. In these lectures 
we always had another trouble to contend with, 
besides the rusty joints in the wires; that was 
the operators cutting in, during the lectures, 
their highest resistance relays, which enabled 
them to hear some of the intermittent current 
effects I sent to the hall. Inductance, retarda- 
tion, and all that sort of thing which you have 
so largely conquered since, were invented long 
before the telephone was, and were awaiting her 
on earth all ready to slam it when Bell came 
along. Bell lectured at Lawrence, Massachu- 
setts, one evening in May, and I prepared to 
furnish him with the usual program from 
the laboratory in Boston. 

But the wire the company assigned us was 
the worst yet. It worked fairly well when we 
tried it in the afternoon, but in the evening 
every station on the line had evidently cut in 
its relay, and do my best I couldn’t get a sound 
through to the hall. 

The local newspaper generally sent a reporter 
to my end of the wire to write up the occurrences 
there. This is the report of such an envoy as 
it appeared in the Lawrence paper the morning 
after Bell’s lecture there : 

Mr. Fisher returned this morning. He 
says that Watson, the organist and himself 
occupied the laboratory, sitting in their shirt 
sleeves with their collars off. Watson shouted 
his lungs into the telephone mouthpiece, “Ноу! 
Hoy! Ноу!” and receiving no response in- 
quired of Fisher if he pardoned for a little 
‘hamburg edging’ on his language. Mr. 
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Fisher endeavoured to transmit to his Lawrence 
townsmen the tune of Federal Street’ played 
upen the cornet, but the air was not 
distinguishable here. About 10 p.m., Watson 
discovered the ‘ Northern Lights’ and found 
his wires alive with lightning, which was not 
included in the original scheme of the telephone. 
He says the loose electricity abroad іп the 
world was too much for him." 


Waiting for W'atson.—The next morning a 
poem appeared in the Lawrence paper. The 
writer must have sat up all night to write it. 
It was entitled ‘‘ Waiting for Watson,” and I 
am verv proud of the onlv poem I ever had 
written about me. I am going to ask your 
permission to read it. Please notice the great 
variety of human feeling the poet put into it. 
[t even suggests missiles, though it flings none. 

Lawrence, Mass., Daily American, Tuesday, 
May 29, 1877. 


WAITING FOR. WATSON. 
To the great hall we strayed, 
Fairly our fee we paid, 
Seven hundred there delayed, 
But, where was Watson? 


Seven hundred souls were there, 

Waiting with stony stare, 

In that expectant air— 
Waiting for Watson. 


Oh. how our ears we strained, 
How our hopes waxed and waned, 
Patience to dregs we drained, 

Yes, we did, Watson ! 


Give but one lusty groan, 

For bread we'll take a stone, 

Ring your old telephone! 
Ring, brother Watson. 


Doubtless 'tis very fine, 

When, all along the line, 

Things work most superfine— 
Doubtless 'tis Watson, 


We know that, every day, 

Schemes laid to work and рау, 

Fail and ‘ gang aft a-gley ”— 
Often, friend Watson, 


And we'll not curse, or fling, 

But, next time, do the thing 

And we'll all rise and sing, 
Bully for Watson!“ 


Or, by the unseen powers, 

Hope in our bosom sours, 

No telephone in ours 
Please, Mr. Watson." 


My last Public Appearance.—But my vaca- 
tion was about over. Besides raising the wind, 
the lectures had stirred up a great demand for 
telephone lines. The public was ready for the 
telephone long before we were ready for the 
public, and this pleasant artistic interlude had 
to stop; I was needed in the shop to build 
some telephones to satisfv the insistent demand. 
Fred Gower, a young newspaper man of Provi- 
dence, had become interested with Mr. Bell in 
the lecture work. He had an unique scheme 
for a dual lecture with my illustrations sent from 
a central point to halls in two cities at the same 
time. 1 think my last appearance in public 
was at one of these dualities. Bell lectured гї 
New Haven and Gower gave the talk at Hart- 
ford, while I was in between at Middletown, 
Conn., with my apparatus, including mv songs. 
It didn't work very well. The two lecturers 
didn't speak synchronously. Gower told me 
afterwards that I was giving him, '' How do 
you do," when he wanted '' Hold the Fort,“ 
and Bell said I made it awkward for him by 
singing “ Do Not Trust Him, Gentle Lady,” 
when he needed the trombone solo. 


The “© Gower-Bell" Telephone.—In the 
following August, Professor Bell married and 
went to England, taking with him a complete 
set of up-to-date telephones, with which he 
intended to start the trouble in that country. 
Fred Gower became so fascinated with lecturing 
on the telephone that he gave up an exclusive 
right Mr. Hubbard had granted him for renting 
telephones all over New England, for the 
exclusive privilege of using the telephone for 
lecture purposes all over the United States. 
But it wasn't remunerative after Bell and I 
gave it up. The discriminating public preferred 
Mr. Bell as speaker—and | always felt that the 
singing never reached the earlv heights. 

Gower went to England later. There he 
made some small modification of Bell's tele- 
phone, called it the Gower-Bell ° telephone, 
and made a fortune out ef his hyphenated 
atrocity. Later he married Lilian Nordica, 
although she soon separated from him. He 
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became interested in ballooning. The last 
scene in his life before the curtain dropped 
showed a balloon over the waters of the English 
Channel. А fishing boat hails him, Where 
are vou bound? Gower's voice replies,“ To 
London." Then the balloon and its pilot 
drifted into the mist for ever. 


Developing a Calling Apparatus ; the Watson 
“ Busser."— А5 l| said, І went back to work, 
and my next two vears was а continuous 
performance. It began to dawn on us that 
people engaged in getting their living in the 
ordinary walks of life couldn't be expected to 
keep the telephone at their ear all the time 
waiting for a call, especially yis it weighed 
about ten pounds then and was as big as a 
small packing case, so it devolved on me to get 
up some sort of a call signal. Williams on his 
line used to call bv thumping the diaphragm 
through the mouthpiece with the butt of a lead 
pencil. If there was someone close to the 
telephone at the other end, and it was very still, 
it did pretty well, but it seriously damaged the 
vitals of the machine and therefore I decided it 
wasn't really practical for the general public; 
besides we might have to supply a pencil with 
everv telephone and that would be expensive. 
Then I rigged a little hammer inside the box 
with a button on the outside. When the button 
was thumped the hammer would hit the side of 
the diaphragm where it could not be damaged, 
the usual electrical transformation took place, 
and a much more modest but still unmistakable 
thump would isue from the telephone at the 
other end. 

That was the first calling apparatus ever 
devised for use with the telephone, not counting 
Williams’ lead pencil, and several with that 
attachment were put into practical use. Ви 
the exacting public wanted something better, 
and I devised the Watson“ Buzzer "—the only 
practical use we ever made of the harmonic 
telegraph relics. Many of these were sent out. 
It was a vast improvement on the Watson 
“ Thumper,” but still it didn't take the popular 
fancy. It made a sound quite like the horseradish 
grater automobile signal we are so familiar with 
now-a-days, and aroused just the same feeling 
of resentment which that does. It brought me 
onlv a fleeting fame for I soon superseded it 


by a magneto-electric call bell that solved the 
problem, and was destined to make a long- 
suffering public turn cranks for the next fifteen 
years or So, as it never had before, or ever will 
hereafter. 

Perhaps I didn’t have any trouble with the 
plaguey thing! The generator part of it was 
only an adaption of a magneto shocking 
machine I found in Davis’ Manual of Magnet- 
ism and worked well enough, but I was guilty 
of the jingling part of it. At any rate, I felt 
guilty when letters began to come frem our 
agents reciting their woes with the thing, which 
they said had a trick of sticking and failing on 
the most important occasions to tinkle in 
response to the frantic crackings of the man 
who wanted vou. But I soon got it so it 
behaved itself and it has been good ever since, 
for I have been told that nothing better has ever 
been invented, that thev have been manu- 
factured bv the millions all over the world, and 
that identical jingler to-day does practically all 
the world's telephone calling. 


“ Walliams’ Coffins."—For some reason, my 
usual good luck I presume, the magneto call 
bells didn't get mv name attached to them. I 
never regretted this, for the agents, who bought 
them from Williams, impressed by the long 
and narrow box in which the mechanism was 
placed, promptly christened them“ Williams’ 
Coffins.” I always thought that a narrow 
escape for me! 

The first few hundreds of these call bells were 
a continuous shock to me for other reasons than 
their failure to respond. І used on them a 
switch, that had to be thrown one way by hand, 
when the telephone was being used, and then 
thrown back by hand to put the bell in circuit 
again. But the average man or woman 
wouldn’t do this more than half the time, and 
I was obliged to try a series of devices, which 
culminated in that remarkable achievement of 
the human brain—the automatic switch hook— 
that only demanded of the public that it should 
hang up the telephone after it got through 
talking. This the public learned to do quite 
well after a few vears of practice. 


THE BLAKE TRANSMITTER. 


You wouldn’t believe me if I should tell you 
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a tithe of the difficulties we got into by flexible 
cords breaking inside the covering, when we 
first began to use hand telephones ! 

Then they began to clamour for switchboards 
for the first centrals, and individual call bells 
began to keep me awake at nights. The latter 
were very important then, for such luxuries as 
one station lines were scarce. Six to twenty 
stations оп a wire was the rule, and we were 
trying hard to get a signal that would call one 
station without disturbing the whole town. All 
of these and many other things had to be done 
at once, and, as if this was not enough, it 
suddenly became necessary for me to devise a 
battery transmitter. Тһе Western Union 
people had discovered that the telephone was 
not such a toy as they had thought, and as our 
100,0e0-dollar offer was no longer open for 
acceptance, thev decided to get a share of the 
business for themselves, and Edison evolved 
for them his carbon-button transmitter. This 
was the hardest blow vet. 

We were still using the magneto transmitter, 
although Bell's patent clearly covered the 
battery transmitter. Our transmitter was doing 
much to develop the American voice and lungs, 
making them powerful but not melodious. 
This was, by the way, the telephone epoch 
when they used to say that all the farmers 
waiting in a country grocerv would rush out 
and hold their horses when thev saw anv one 
preparing to use the telephone. Edison's 
transmitters talked louder than the magnetos 
we were using and our agents began to clamour 
for them, and I had to work nights to get up 
something just as good. Fortunately for my 
constitution, Frank Blake came along with his 
transmitter. We bought it and I got a little 
sleep for a few days. Then our little David of 
a corporation sued that big Goliath, the 
Western Union Company, for infringing the 
Bell patents, and I had to devote my leisure 
to testifying in that suit, and making reproduc- 
tions of the earliest apparatus to prove to the 
court that they would really talk and were not 
a bluff, as our opponents were asserting. 

Then I put in the rest of mv leisure making 
trips among our agents this side of the Missis- 
sippi to bring them up to date and see what the 
enemy were up to. I kept a diary of those trips. 
It reads rather funnily to-day, but I won't go 
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into that. It would detract from the serious- 
ness of this discourse. 


Wire Troubles.—Nor must I forget an 
occasional diversion in the way of a sleet storm 
which, combining with our wires then begin- 
ning to fill the air with house top lines and pole 
lines along the sidewalks, would make things 
extremely interesting for all concerned. I don't 
remember ever going out to erect new poles 
and run wires after such a catastrophe. I think 
I must have done so, but such a triffling matter 
naturally would have made but little impression 
upon me. 

Is it any wonder that my memory of those 
two years seems like a combination of the 
Balkan war, the rush hours on the subway 
and a panic on the stock market? 


TURNING TO OTHER ACTIVITIES. 


My connection with the telephone business 
ceased in 1881. The strenuous years I had 
passed through had fixed in me a habit of not 
sleeping at night as much as I should, and a 
doctor man told me I would better go abroad 
for a year or two for a change. There was not 
the least need of this, but as it coincided exactly 
with my desires, and as the telephone business 
had become, I thought, merely a matter of 
routine, with nothing more to do except pay 
dividends and fight infringers, I resigned my 
position as General Inspector of the Company, 
and went ever the ocean for the first time. 

When I returned to America a year or so 
later, I found the telephone business had not 
suffered in the least from my absence, but there 
were so many better men doing the work that 
I had been doing, that I didn't care to go into 
ir again. 

I was looking for more trouble in life and so 
I went into shipbuilding, where I found all I 
needed. 

Before Mr. Bell went to England on his 
bridal trip, we agreed that as soon as the tele- 
phone became a matter of routine business he 
and I would begin experimenting on flying 
machines, on which subject he was full of ideas 
at that early time. I never carried out this 
agreement. Bell did some notable work on air- 
ships later, but I turned my attention to battle- 
ships. 


ә 
ә 
Dv) 


My GREATEST PRIDE. 


Such is ту very inadequate story of the 
earliest days of the telephone so far as they made 
part of my life. To-day when I go into a 
central office or talk over a long distance wire 
or read the annual report of the American 
Telephone and Telegraph Company, filled with 
figures up in the millions and even billions, 
when I think of the growth of the business, and 
the marvellous improvements that have been 
made since the day I left it, thinking there was 
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nothing more to do but routine, I must say that 
all that early work I have told vou about seems 
to shrink into a verv small measure, and, proud 
as T always shall be, that I had the opportunity 
of doing some of that earliest work mvself, mv 
greatest pride is that I am one of the great 
army of telephone men, everv one of whom 
has played his part in making the Telephone 
Service what it is to-dav. 
| thank you. 


LOCAL CENTRE NOTES. 


LONDON CENTRE. 


The Session was opened on the gth October 
by Mr. E. J. Woods, A. M. I. E. E., who read a 
paper on ‘ The Main Underground System of 
Great Britain." The paper dealt exhaustively 
with the development of the system and the pro- 
cedure at Headquarters, and was illustrated bv 
lantern slides showing the progress that had been 
made particularly since the War. There was a 
good attendance and an interesting discussion. 

The second meeting of the Session was re- 
garded with keen interest. Mr. Н. С. S. Peck, 
B. Sc., M. I. E. E., gave a paper entitled ‘‘ The 
Director Exchange in Practice’? before a 
crowded audience, who fully appreciated the 
excellent reading of the paper and the lucid 
description of the lantern slide illustrations. 

The second half of this meeting was presided 
over by the President, Col. Purves, who intro- 
duced Dr. Thomas Watson, the assistant to 
Alexander Graham Bell in the invention and 
development of the telephone, with his customary 
felicitousness. 

Dr. Watson's address The Birth of the Tele- 
phone,” was listened to with intense interest and, 
as he unfolded the enthralling story of the early 
history and the struggles to develop the tele- 
phone system, one could not help but realise how 
much was due to the pioneers of those far-off 
davs. The Lecture Theatre of the Institution of 
Electrical Engineers can seldom have held so 
large an audience and certainly no lecturer can 
have had a more interested and enthusiastic one. 


The evening will be a pleasant memory to all 
for many long years. (Dr. Watson's address is 
given in lhe preceding pages). 

The discussion on Mr. Peck’s paper was 
resumed on Tuesday, the 4th December, and 
proved of great interest and value. Many of the 
speakers came from the Contractors’ side and 
expressed their views on circuit design and relay 
requirements. Mr. Peck ably replied. 


INFORMAL MEETINGS. 


The first Informal meeting was held on 
October 23rd, when Mr. P. J. Ridd, M.I.E.E., 
gave a lecture on Transmission Efficiency 
Tests on Subscribers’ Apparatus, London Dis- 
trict." The subsequent discussion was opened 
by Mr. Hudson, of the Research Section, who 
later demonstrated the apparatus on view. 

Мапу members took part in the discussion and 
it was only the operation of the time limit that 
enabled the Chairman to close the meeting at 
the usual time. 

Mr. Ridd replied to many of the points raised 
and many of the members remained behind to 
explore the mvsteries underlying the testing of 
subscribers’ apparatus. 

The second meeting was held on 27th Novem- 
ber, when Mr. Cowie, M.I.E.E., gave a talk on 
Staff Characteristics, Character judging. ‘Talk 
on personal characteristics." Owing to Mr. 
Cowie’s recent illness the paper was read by Mr. 
Geer. As was generally expected the matter was 
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both grave and gay and the illustrations were 
interesting and apposite. 

The subsequent discussion was opened by 
Capt. Hines. Many other speakers followed 
and it is very encouraging to see that more of 
the younger members are taking advantage of 
these meetings to air their views in public. 

Mr. Cowie replied with his usual facility and 
it is the sincere hope of everyone that he will 
soon be completely restored to health. 


Т.Н. 


SCOTLAND WEST CENTRE. 


The opening meeting of the session was held 
in the Society’s Room, Royal Technical 
College, Glasgow, on rst October, when Mr. 
Н. J. McNamara delivered a lecture on “ In- 
effective Time." 

At the outset, the lecturer stated that it was 
not intended in the lecture to cover all the points 
which might be embraced by the title, but rather 
to confine his remarks to consideration of in- 
effective time in regard to fairly small develop- 
ment works affecting, sav, a citv block of 
buildings, and so leave time for the meeting to 
discuss the question in all its aspects. 

The lecturer pointed out the growing difficul- 
ties in regard to safe accommodation for stores 
and handcarts required for the work, the 
gradual adoption for garage purposes of areas 
formerly available, and the increasing necessity 
for limiting the extent of interference with road 
traffic, all of these circumstances having a ten- 
dency to increase ineffective time. Half a mile 
was stated to be not an unusual distance 
between the scene of operations and the point of 
storage. Methods of conducting the work with 
a view to limiting ineffective time were dealt 
with. 

After considerable discussion on the points 
raised by the lecturer, the meeting was thrown 
open to general discussion of the subject. The 
prevailing view appeared to be that improved 
motor transport would do more than anvthing 
else to reduce ineffective time in the outlving 
areas, while improved facilities for storage and 
transport would improve matters in the city 
areas. 

The second meeting of the Session was held 
ine the Societies’ Room, Roval Technical Col- 


lege, Glasgow, on 28th November. After the 
routine business had been transacted the film 
Voices across the Sea,” illustrating the opera- 
tion of a wireless call between San Francisco and 
Plymouth, was exhibited. 

Mr. E. J. Woods, X. M. I. E. E., Engineer-in- 
Chief's Office, then read his paper entitled '* The 
Main Underground Trunk Cable System of 
Great Britain.” 

Members of the local centre are reminded of 
the fixture on 2nd February, at 7.30 p.m. under 
the auspices of the Scietific Society of the Roval 
Technical College, when Mr. E. S. Ritter, of 
the Engineer-in-Chief's Office, will deliver a 
lecture on Picture Telegraphv," to which 
I. P. O. E. E. members are specially invited. 


H. C. M. 


NORTHERN CENTRE. 


The opening meeting of the Session was held 
on the 17th October, when Mr. J. R. Edwards 
read a paper on '' The Output of the Worker, 
and Suggestions for Improving." Mr. Edwards 
mentioned  co-ordination, supervision,  suit- 
abilitv of men, energy and zeal, methods of 
regulations, and tools as being the leading 
factors governing the output of the worker, and 
after making cemments under each of these 
heads he proceeded to suggest : 

That no gang should contain more than five 
men, including the Foreman. 

That Local or Advice Note gangs should be 
comprised of three or four men, including the 
Foreman. 

That more motor vans could be used with 
advantage, the vans being made to seat four or 
five men, and be fitted with drum barrows for 
running off line wire. The fitting of a light 
crane and winch for pole erections, and the 
carrying of a telescopic ladder, were also sug- 
gested. 

Respecting the hours of duty of workmen, 
Mr. Edwards suggested that during the summer 
months the 48 hours should be spread over five 
days only, the author regarding Saturday 
morning as being an unprofitable work day, and 
as regards the winter months, it was suggested 
that eight hours should be worked on each of 
the six week days. The giving of a bonus to 
gangs on completed units of work was also 
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suggested. То avoid the loss of time іп locat- 
ing split couplings under made pavements, it 
was suggested that where conduits are laid on 
footpaths the line of trench should be marked 
on the surface by metal studs. The use of 
short, tubular, galvanised, iron poles in 
selected areas was also suggested as a measure 
of economy, as was also the use of a special 
insulator which would obviate the necessity for 
" binding-in." As was expected, the paper 
provoked a brisk discussion. 

At a representative gathering held on the 
22nd instant, Mr. H. R. J. Dunthorne of this 
District, who has been promoted to fill the 
Executive Engineer's vacancy at Canterbury, 
was presented with a handsome canteen of 
cutlery. The Superintending Engineer, Mr. J. 
К. M. Elliott, in making the presentation, 
referred to the zeal, energy, and conspicuous 
ability with which Mr. Dunthorne had dis- 
charged his duties, and assured Mr. Dunthorne 
that he carried with him the good wishes of the 
staff of the Northern District. 

Owing to office changes, Mr. T. E. Preston 
has had to relinguish the duties of Local 
Librarian, and at the last general meeting a 
hearty vote of thanks to Mr. Preston, for the 
ungrudging services he has rendered, was 
carried with acclamation. Mr. J. W. Kenyon 
has consented to act as Librarian, and applica- 
tions for periodicals, etc., should be made to 
him. 


NORTHERN IRELAND CENTRE. 


A very pleasant and interesting Social func- 
tion took place at the Post Office Ex-Service 
Men's Association Headquarters, Belfast, on 
the evening of the r4th September last when a 
large attendance from the Engineering Depart- 
ment and other branches of the Service met to 
say farewell to Mr. H. H. Broomhead, Assistant 
Engineer, Belfast, who retired from the Service 
on the 20th August last, having reached the age 
limit. 

Major Comport, M.C., M. I. E. E., R. E., 
Superintending Engineer, presided, and was 
supported by Mr. G. Laslett, Sectional Engi- 
neer. After a few pleasing musical numbers, 
the Chairman introduced the main item of the 
evening by a feeling reference to the many 


excellent qualities possessed by the guest, which 
sentiments were subscribed to by a large 
number of the Company representing all 
branches of the Engineering Department. 
Major Comport on behalf of the Staff asked 
Mr. Broomhead to accept a wallet of Treasury 
Notes as a token of the high esteem and regard 
in which he was generally held throughout the 
District, together with their best wishes for his 
future happiness and prosperity. Mr. Broom- 
head thanked the Company for their kind 
expression of good wishes and their handsome 
present and stated that after having been nearly 
a quarter of a century in Belfast in close touch 
with the many activities of the Department he 
could hardly realise that he had ceased to be an 
active member, and so keenly did he feel this 
severance from his old colleagues that he had 
decided to return to the old country, but he 
would ever cherish the memory of the many 
good friends he was leaving in Ireland. 


It is with deep regret we announce the death 
under sudden and tragic circumstances of Mr. 
R. H. Gilliland, Inspector, a prominent and 
enthusiastic Member of the Institution. 

Mr. Gilliland complained of feeling unwell 
shortly after commencing duty on the 8th 
December. He suddenly collapsed and died 
within a short time. 

The sympathy of the Committee and Members 
of the Institution was conveyed to the widow and 
relatives, and the funeral, which took place on 
the 11th December, was attended bv representa- 
tives of all grades of the Service. 


NORTH WESTERN CENTRE. 


The opening meeting of the 1928-29 Session 
was held at Preston on the 16th October, 1928, 
when a paper entitled“ The Main Underground 
Trunk Cable System of the British Isles ° was 
read by Mr. E. J. Woods, A. M. I. E. E., of the 
Engineer-in-Chief’s Office. The Chairman of 
the Centre (Mr. J. M. Shackleton, M.I.E.E.) 
presided. 

Mr. Woods opened his paper with a brief 
summary of the growth of the Main Cable 
System with reference to the more important 
cables laid up to December, 1927. He then 
proceeded to review the development of the 
present high-grade cable, also touching upon the 
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earlier types of cable. Headquarters procedure 
in relation to cable schemes was explained and 
the following items covered: — Development 
Study, Lay-out of cables, etc., District pro- 
cedure, Duct and Manhole Construction, Boring 
Machines, Cable Manufacture and Laying, 
Specifications, Phantom Circuits, Loading 
Coils, Carrier Wave Telephony, etc. The paper 
was illustrated by lantern slides and followed by 
a discussion. 

On the rath November, 1928, a paper was read 
by Mr. W. S. Procter, of the District Head- 
quarters Technical Section, entitled ** Cordless 
B. Key-sending Positions in Director and non- 
Director Areas.” The paper opened with a 
general review of the objects of Cordless B. Key- 
sending Positions and a comprehensive descrip- 
tion of the actual equipment and its operations. 
Mr. Procter then dealt with the arrangement of 


1 


the apparatus in the Exchange and explained at 
length the functions of the component parts. 
The paper was illustrated by lantern slides and 
there was a discussion. 

The third meeting of the Session was held at 
Preston on the roth December, 1g28, when Mr. 
T. E. Tootell read a paper entitled “© Some 
Notes on the Maintenance of Machine Tele- 
graphs." Мт. Tootell reviewed the systems 
leading up to the machine telegraphs now in 
изе and described in general terms the functions 
of the various machines. "The details of the 
Wheatstone Perforator, Transmitter and Re- 
ceiver, the Baudot, Teleprinter 2 and 3A, ete., 
were explained and the maintenance of the 
apparatus fully described. The paper was 
illustrated by lantern slides, and a discussion 
followed. 


D.B. 


THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS NOTICES. 


BOOTH-BAUDOT AWARD. 


The Council wishes to call attention to the“ Booth- 
Baudot Award " of £5 which is now offered annually for 
the best improvement in Telegraph, Telephone or Wireless 
Apparatus or Systems. The award for the year 1928 is 
governed by the following conditions :— 

1. The Award will be restricted to employees of the 
British Post Office. 

Applications for the Award should be made between 

ist January and 31st March, 1929, and such applica- 

tions should refer to improvements made, or 
suggested, during the twelve months ending 31st 

December, 1928. 

Attention is drawn to the fact that recipients of 
Awards via the Post Office Awards Scheme in respect 
to any improvement in telegraph, telephone or 
wireless apparatus or systems are eligible to apply for 
the Booth-Baudot Award in respect thereto. 

3. The Award may be withheld at the discretion. of the 
Council of the Institution of Post Office Electrical 
Engineers if, after full consideration of the applica- 
tions received, the adjudicators appointed by the 
Council are of the opinion that no award is 
warranted. 

4. Applications for the Award, accompanied by full 
details of the improvement, should be addressed to 
the Secretary, The Institution of Post Office 
Electrical Engineers, G.P.O. (Alder House), London, 
E.C.r. 


to 


R. V. HANSFORD, 
Secretary, 
December, 1928. 


LOCAL CENTRE PROGRAMMES, 
SCOTLAND WEST CENTRE. 


1928 
Oct. II. f. MCNAMARA. 
or Underground Construction." 
5 No О, 
23 Nov. E. J. Woops, A. M. I. E. E. (#.-in-C.0.). 
“The Main Underground Trunk Cable System 
of the British Isles." 
1929 


4 Keb. A. THOMSON. 
“ Strowger Automatics.” 
last vear's paper). 
4 Mar. А. ARNOLD. 
“ Glasgow Repeater Station.” 
2 Ар. А. Hupson. (E.-in-C.O.). 
“Routine Testing of Subscribers’ Transmitters 
and Receivers for Efficiency in Situ." 


(Supplementary to 


SCOTLAND EAST CENTRE. 
1928. 
2; Noy. E. J. Woops, X. XI. I. E. II. (E. In-C. O.). 
“The Main Underground ‘Trunk Cable System 
of the British Isles.” 
R. GOODFELLe W. 
Training of Youths.’ 


18 Dec. 
, 
1929. 
15 Jan. G. H. DovGras. 
Notes on Battery Course, May, 1928.” 


10 Feb. H. Burcurr. 
“ Cabling and Jointing.” 
19 Mar. Short papers and informal discussions. 


16 Apl. To be arranged. 
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JOTICES. 


NORTH IRELAND CENTRE. 
1928. 
6 Nov. Chairman's Address. 
4 Dec. (a) Film— Voices across the Sea.” 
(b) W. S. Keown. 
Beams, Girders and Reinforcements as used 
in Underground Construction." 
1929. 
15 Jan. To be arranged. 
12 Feb. R. T. ROIN SON. (E.-in-C.O.). 
** Motor Transport." 
12 Mar. E. J. Woops, X. M. I. E. II. (E.-in-C.O.). 
“ The Main Underground Trunk Cable System 
of the British Isles.” 
16 Apl. А. S. Rensuaw. (E. In-C. O.). 
Some considerations relating to the Clerical 
Organisation of the Engineering Depart- 
ment." 


THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 


Oflicers of Colonial and Foreign Telegraph Administrations 
who are engaged in Electrical Engineering Works may be 
admitted as Colonial and Foreign Corresponding Members 
respectively, after application. 

Subscription payable annually in advance on ist April in 
each year: 


Colonial Members ы EN Хто о 
Foreign " E a 41 10 о 


These sums include Annual Subscription to the Journal of 
P.O. Electrical Engineers and the supply of all Professional 
Papers issued during the period covered by subscription. 

Forms of application for Colonial and Foreign Membership 
can be obtained on application to 


The Secretary, 
Institution of P.O.E. Engineers, 
G.P.O., Alder House, E.C.1 


or the undermentioned gentlemen who have kindly agreed 
to act as representatives of the Institution in their respective 
countries :— 


R. Badenach, Esq., B.Sc. (Melb.), 
Chief Electrical Engineers Office, 
Postmaster Generals Department, 
Treasury Gardens, 
Melbourne, 
Australia. 


H. C. Brent, Esq., 
The Laboratory, 
G.P.O., 
Wellington, N Z. 


N. N. Banerjee, Esq., A. M. I. E. E. (Ind.), 
Divisional Engineer, Telegraphs, 
Calcutta West Division, 
8, Wellesley Place, 
Calcutta, 
India. 


A. T. Kingston, Esq., M. B. E., A. M. I. E. E., 
Office of the Chief Engineer, 
Telegraphs & Telephones, 
C. T. O., 
Colombo, 
Ceylon. 


A. J. Kellaway, Esq., 
Department of Pests and Telegraphs, 
P.O. Box 366, 
Pietermaritzburg, 
South Africa. 


MR. J. W. 
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MR. J. W. ATKINSON, M. I. E. E. 


Mr. J. W. ATKINSON. 


М. J. Wo ATKINSON, who, om ist June last, 
was promoted to the Superintending Engineer- 
ship of the North-Eastern District, with head- 
quarters at Leeds, entered the service of the Post 
Office as a Telegraph Learner in April, 1893. 
After six vears’ work as а telegraphist he was 
transferred to the Engineering Department as a 
Junior Clerk; and, in July, 1900, was promoted 
to a Clerkship in the Engineer-in-Chief's Office, 
where he served under Mr. R. Mellrov, (now) 
1. S. O., who at that time was personal assistant 
to the Engineer-in-Chief, Mr. J. Hookev. 

In 1902, Mr. Atkinson competed for a Second 
Class Engineership at Headquarters and was 
assigned to the Examination Section, under the 
late Мт. Н. Hartnell, XI. I. E. I..: a few months 
later he was selected to act as personal assistant 
to the late Mr. Martin F. Roberts, I. Inst. C. E., 
Assistant. Engineer-in-Chief, thus coming into 


close contact with the numerous engineering and 
administrative problems associated with the pre- 
1911 London Telephone System. 

In September, 1907, Mr. Atkinson took charge 
of the Sutton and Epsom Section, transferring 
to Kingston in March, 1908; and in October, 
1910, he was promoted to a First Class Engineer- 
ship in charge of the Bristol Section. & vear 
later he was assigned to one of the * Groups " 
formed for the purpose of checking the National 
Telephone Company's plant inventory and for 
collecting data for use in the valuation proceed- 
ings. 

In 1011, Mr. Atkinson was nominated by the 
Engineer-in-Chief (Major W. .. J. O'Meara, 
C. I. G.) for an Assistant Staff Engineership 
and, after examination by the Civil Service Com- 
missioners, was appointed on oth December, 
1911, to the Construction Section, the Staff 
Engineer being Mr. J. Sinnott, (now) O.B.E. 

In March, 1926, having expressed a desire to 
refresh his knowledge of District activities, Mr. 
Atkinson was transferred to the London En- 
gineering District and (in his own words) thus 
had the pleasure of renewed association with Mr. 
Mellrov. 

It is Mr. .Mkinson's ideal that the British Р.О. 
Communication Services shall be equal, at least, 
to those of anv other administration in the world ; 
and it may be assumed that this explains his 
marked interest in the work of the Institution of 
Post Office Electrical Engineers. He was one 
of the founders of the Society of Post Office 
Engineers, whose intended work in the sphere of 
technical education was taken over by the Institu- 
tion; he acted as Secretary. to the Institution 
" Formation Committee " and for the first two 
vears to the Institution itself; and since then has 
served as Мопогагу Treasurer to the Institution, 
and as a Member and also as Chairman of the 
Board of Editors of this Journal. 
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MR. H. WILSON. 


Mn. Н. WirsoN. 


Mr. WiLsoN retired from the Service on the 
31st July, but returned to Cardiff in the first 
week in October, where he was entertained by 
the South Wales District and presented with a 
half-hunter gold watch and a grandfather's 
clock fitted with Westminster chimes, and also 
with an inkstand from the office Cricket Club. 
Taking the keenest interest in the welfare of the 
staff—it is said he was known personally bv 
and knew the idiosyncracies of every member 
of the South Wales district—he was immensely 
popular and consequently secured the enthusi- 
asm and best efforts of all grades of the service, 
and his retirement after one year's extension 
was deeply regretted throughout the district. 

lie entered the service as a telegraphist at 
Newcastle-on-tyne on the 17th July, 1882, and 
imnjediatelv began to take an interest in the 
technical side of the work. He found time, 
however, to join the volunteers and for ten years 
he was an active member of the Tynside 
Division of Submarine Miners. Later in life 
this training bore fruit and he rendered valu- 
able service in the volunteer signal corps raised 


in London during the war and known colloqu- 
ially as ** Gunton's Gurkhas.” Мг. Wilson, in 
1892, was appointed a Relay Clerk at Morfa 
Nevin, and four vears later he was promoted to 
Second Class Engineer in charge of Carmarthen 
Section. When the P.O. started the telephon- 
ing of London, selected engineers were chosen 
from the districts for the work, and Mr. Wilson 
came to Hampstead as First Class Engineer in 
June, 1902. Не was nominated to sit at a 
competitive Civil Service examination, and in 
1908 he was appointed Staff Engineer Second 
Class in the Designs Section. During his 
service at headquarters he acted as guide, 
philosopher and friend to various batches ..f 
voung engineers recruited from outside the 
service and initiated them into the mysteries of 
telephone and telegraph practice. He was also 
a member of the Awards Committee, P.O. 
representative on the B. E. S. X. Committee 
which drew up the specification for materials 
used in and the construction of Chemical Fire 
Extinguishers, and for twenty vears he was 
lecturer in Telegraphv and Telephony at Batter- 
sea Polytechnic. Second in command to the 
present  Engineer-in-Chief in the Designs 
Section, Mr. Wilson rendered very valuable 
service during the war period and assisted Col. 
Purves in the design and supply of new signal 
apparatus for the armies in the field. He has 
many humorous incidents to tell of his experi- 
ences with inventors, whose ideas were not 
alwavs so indispensable to the Department as 
their authors imagined. 

In April, 1924, Mr. Wilson went to South 
Wales as Assistant Superintending Engineer 
and three months later һе took charge of the 
district as Superintending Engineer. 

In spite of his fortv-six years strenuous 
service, Mr. Wilson does not think he requires 
a rest. He has joined the firm of Thomas 
Watson and Son, Dudden Hill Lane, scientific 
instrument makers, as consultant and technical 
representative, and is carrying on with his un- 
failing energy and good humour. 
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W. S. TINSLEY, M. I. E. E. 


Mr. W. S. TiNsLEY. 


MR. W. S. TISSLEx, Sectional Engineer at 
Bradford, retired at the end of October after 
completing forty-three years’ service. Mr. 
Tinsley commenced his service in the Telegraph 
Department at Hull in 1885, and in 1894 he was 
nominated to a Junior Clerkship in the Engineer- 
ing Department at Liverpool. This was followed 
by promotion to Newcastle in 1896. Five years 
later he was promoted to Engineer in London, 
and in 1909 a further step was taken when he 
took charge of the Bradford Section. 

Mr. Tinsley was in charge of the Bradford 
Section for nineteen years. It is well known that 
this section is a heavy one. То estimate Mr. 
Tinsley's services to the Department one must 


visualise the conditions existing in the West 
Riding some years ago, when Bradford was 
served mainly with overhead wires, when the 
Exchanges were worked by systems since dis- 
placed, and overloaded routes of open wires 
crossed the moorland in all directions. АП 
these things are better tó-dav, and the knowledge 
that he has helped, materiallv, towards this 
improvement is Mr. Tinsley's most satisfactory 
reward. 

As a mark of esteem from colleagues and 
friends, Mr. Tinsley was presented with a silver 
tea service and a gramophone, at a com- 
plimentary dinner in Bradford. The chair was 
taken by Mr. J. C. Walker, Assistant Engineer. 
Those present included the Superintending En- 
gineer, Mr. J. W. Atkinson; the late Superin- 
tending Engineer, Mr. T. B. Johnson; Mr. W. 
J. Bailey, Staff Engineer, London; Mr. G. S. 
Wallace, Assistant Superintending Engineer; 
Mr. G. Richardson, Sectional Engineer, Birm- 
ingham ; Mr. Bell Smith, Postmaster of Brad- 
ford; Mr. T. A. Bates, District Manager, and 
Mr. H. B. Sutcliffe, late District Manager 

It is the wish of his many friends that Mr. 
Tinslev will be happy in the years to come. 
Judging by his variety of interests, such as golf, 
bowls and music, there should be little doubt in 
the matter. As Honorary Secretary of the 
Bradford Musical Union he has a wide circle of 
friends. Mr. Tinsley will not be leaving Brad- 
ford, and there will be much opportunity of 
meeting him in the future. This will be a 
particular pleasure to his old friends in the N.E. 
District. 

G.M.B. 
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STAFF CHANGES. 
POST OFFICE ENGINEERING DEPARTMENT. 


PROMOTIONS. 
| | 
Name. Grade. i Promoted to Date. 
Pink, E. A. Executive Engineer, Bristel Section, Assistant Staff Engineer, 23-79-28 
S. West District. | Construction Section, 
| E.-in-C.O. 
Upton, S. Executive. Engineer, Preston Section, Assistant Superintending Engineer, 15-8-28 
N. West District. N. West District. 
Cornfoot, T. Executive Engineer, Liverpool Assistant Superintending Engineer, 3-1-29 
External Section. S. East District. 
S. Lanes. District. | 
Wise, Capt. F. II. Executive Engineer, Exeter Section, Assistant Superintending Engineer, 1-3-29 
| 5. West District. S. East District. 
Wildgoose, G. Н. А. Assistant Engineer, Technicla Section, Executive Enginecr, Technical Sect. 21-11-28 
S. Lancs. District, ! S. Lanes. District. 
Buchanan, J. Assistant Engineer, Preston Section, | Executive Engincer, Pre-ton Sect., 21-11-28 
i N. West District. | N. West District. 
Coxon, J. ... € sats 7 .. , Assistant Engineer, Power Sectien, Executive Engineer, Technical Sect 29-11-28 
: N. Wales District. N. Wales District. 
Clack, С. BW. a sis .. , Assistant Engineer, Designs Section, Executive Engineer, Designs Sect., | 1-12-28 
| E.-in-C.O. E.-in-C.O. і 
Akast, А. C. S.. baa ss Я | Chief Inspector, Assistant Engineer, | 21-11-28 
London Engineering District. London Engineering District. | 
Nichols, J. С. Chief Inspector, Assistant Engincer. To be fixed 
S. Midland District. N. Mid. District. later. 
Chapman, F. G. Chief Inspector, | Assistant Engineer, To be fixed 
Stonehaven Radio, | Leafield Radio. later. 
Stevens, F. Chief Inspector, Assistant Engineer, f 21-11-28 
E.-in-C.O. E.-in-C.O. | 
Soper, R. E. Chief Inspector, Assistant Engincer, To be fixed 
S. West District. E.-in-C.O. later. 
Cart; А. S. Chief Inspector, Assistant Engineer, | 21-11-28 
N. West District. N. West District. | 
Corkett, Н. Chief Inspector, Assistant Engincer, 21-11-28 
London Engineering District. London Engineering District. | 
Woodhouse, B. W. Chief Inspector, Assistant Engineer, To be fixed 
London Engineering District. E.-in-C.O. later. 
Cohen, А. J. Chief Inspector, | Assistant Engineer, 21-11-28 
E.-in-C.O. E.-in-C.O. ; 
Mabey, H. Chief Inspector, Assistant Engincer, To be fixed 
| E.-in-C.O. E.-in-C.O. later. 
Hewett, J. E. Inspector, S. Wales District. Chief Inspector, To be fixed 
S. Wales District. | later. 

Wood, W. T. Inspector, S. Lancs. District. Chief Inspector, To be fixed 
S. East District. (р Jater. 

Bines, H. T. ; Inspector, | Chief Inspector, To be fixed 
London Engineering District. | London Engineering District. later. 

Beal, F. F. Inspector, А Chief Inspector, ‚То be Gxed 
London Engineering District. London Engineering District. | later. 

Storey, W. J. Inspector, | Chief Inspector, To be fixed 
` S. Lanes. District, S. East District. later. 

Hopper, F. Inspector, | Chief Inspector, 1-12-28 

N. West District. N. West District. 
Taylor, S. A. Inspector, Chief Inspecter, ‚То be fixed 
` N. West District. London Engineering District. later. 
Lisle, R ... а u us Inspector, Chief inspector, To be fixed 
i N. Wales District. S. Midland District. | later. 

Mitchell, C. А. ... M "M Inspector, Eastern District. Chief Inspector, To be fixed 
| Eastern District. | 1аїсг. 

Pendry, S. D. Inspector, S. Midland District. | Chicf Inspector, | To be fixed 
К | | S. Midland District. | later. 

Beazer, F. C.. is ET "T. Inspector, Chicf Inspector, To be fixed 
i London Engineering District. Londen Engineering District. later. 

Hourigan, H. F. ; Unestablished Skilled Workman Inspector, 14-11-28 


Testing Branch. 
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Testing Branch. 


— Ü— = 


Name. 


France, W. M. 
Francis, F. W. 
Tinsley, W. S. ... 
Greening, A. C. . 
Wenman, H. E. A. 
Jones, H. .. 

Reed, W.. 

Sly, W. B. si 
Williams, W. R. 
Roberson, H. T. 


Holiday, R. W. 


Name. 


Hartnell, G. T'. .. 
Robinson, H. E. 


Fletcher, Capt. J. E. 
Jackson, D. x 
Jackson, J. M. 
Horn, C. O. 
Manning, G. E 
Pritchard, E. J. 
Gill, F. W. m 
Hawkins, N. A. . 
Campbell, P. J. ... 
Collman, E. L. 


STAFF CHANGES. 


Staff 
Assistant 


E 


Assista 


ecutive 


RETIREMENTS. 


Grade. 


Engineer. 

Staff Engineer, 
Enginecr. 

nt Engineer. 


„ 


Inspector, 


„ 
M 
E 
x 


” 


DgatTus. 


Grade. 


Chief Inspector, 
Inspector. 


Rank. 
Executive Engineer. 5. 
Assistant Engineer. 
T 59 N. 
ў „ a 
n | E 
; Inspector. 
"" " 
” 
» 
$? 


TRANSFERS 


Lancs. 
Testing Branch 
West Dist. 
Rugby Radio. 
E.-in-C.O. 
N. Wales. 
S. West. 
S. East. 
S. Mid. 


i N. 


S. 


From. 


Dist. 


N. 


Districts. 


I. -in-C. O. 
E.-in-C.O. 
Eastern, 
London. 
London. 
S. Wales, 
Northern. 
Midland. 
S. Lanes. 
London. 
London. 


District. 


E.-in-C.O. 
S. West. 


To 


N. East Dist. 
E.-in-C.O. 
S. Lanes. Dist. 
E.-in-C.O. 
L.E.D. 
E.-in-C.O. 

„, 


” 


E.-in-C.O. 
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Date. 


31-10-28 
30-11-28 
31-10-28 
31-10-28 
30-11-28 
5-9-28 
28-09-285 
13-10-25 
18-10-28 
20-10-25 
31-10-28 


Date. 


10-11-28 
8-9-28 


Date. 


I-11-28 
1-12-28 
I-11-28 
7-11-28 
25-11-28 
28-10-28 
25-11-28 
25-11-28 
I-11-28 
11-11-28 


a TI 


Name. 


Vickers, G. II. 
Knowers, А. D. V. 
Berkeley, G. S. 
Turner, H. M. 
Chew, W. G. N. 
Jones, C. E. I'. 
Morrell, F. O. 
Howard, J. L. 
Jarvis, R. F. J. .. 


Franklin, R. Н. 


F 


Assistant 


APPOINTMENTS. 


rom. 


Officer-in-Charge 


Cairo Radio, 


Inspector 


y 


Inspector, 


Inspector 


E.-in-C. O. 
5. Lans. 


„ E-in-C.O. 


Assist: 
Rugby 
Probationary 


Probationary Assistant. Engineer, 


To 


int Engineer, 
Radio. 


іп-С.О. 


E.-in-C.O. 


Probationary Assistant Engineer, 


S. Lanes. 


Probationary 


Assistant Enginecr, 


E.-in-C.O. 


Probatienary 


Assistant Engineer, 


E.-in-C.O. 


Probationary 


Probationary 


E. 


Probationary 


Е 


Probationary 


Assistant Engineer, 
London, 
Assistant Engincer, 
-in-C.O. 
Assistant Engineer, 
.-in-C.O. 
Assistant Engineer, 
London. 


Assistant. Engineer, 


То be fixed . 


То be fixed \ 


later. E 
-11-28 x 
14-11-28 = 
26-11-28 Š 
rc 

= 

14-11-28 & 
13-11-28 = 


24-11-28 y 


3-12-28 


later. 


Ofen Competition. 


COMMUNICATIONS. 


CLERICAL ESTABLISHMENT. 


PROMOTIONS. 
| | | 
Name. | Егот То | Date. 
== 5 3 — - — — 
Smalley, А. T. si Acting Executive Officer. | Executive Officer, 29-9-28 
Е.-1п-С.О. | E.-in-C.O. 
Gordon, F. Clerical Officer, | Acting Executive Officer, 29-9-28 
E.-in-C.O. | Е.-1п-С.О. 
Crawferd, С. W. J. Higher Clerical Officer, | Staff Officer, 1-11-28 
Scotland West District. Scot. West District. 
Bailey, W. К. Clerical Officer, | Higher Clerical Officer, 1-11-28 
Scetland West District. Scot, West District. 
Airey, J. Clerical Officer, Higher Clerical Officer, | 11-11-28 
N. West District. Scot. East District. i 
RETIREMENTS. 
\ 
Name. Rank. District. Date, 
Cretch, <A. ig - 39s Id Staff Officer. | I:.-in-C.O. | 31-12-28 
Elener, G. A. nn - - $us » » | Scot. West District. 31-10-28 
Pym, W. Н. 7 | Higher Clerical Officer, É Scot. East District. | 25-10-28 
Riley, R. ... . | T уз | S. Midland. 4-12-28 
BOARD OF EDITORS. COMMUNICATIONS. 


В. O. Anson, M. I. E. E., Chairman. 
E. Н. ЅналоснмеѕЅҮ, O. B. E., M. I. E. E., M. I. R. E. 
Lieut.-Col. A. C. Воотн, M. I. E. E. 
P. J. Rin», XI. I. E. E. 
P. G. Hay, F. S. I., M. I. E. E. 
Н. LONGLEY. 
W. CruicksHank, NI. I. E. E., Managing Editor. 
J. J. McKicnan, O. B. E., A. M. I. E. E., Assistant Editer. 


All Remittances and Communications should be addressed 
to the Manacinc Epitor, P. O. E. E. JoURNAL, Enginecr-in- 
Chief’s Office, Alder House, London, E. C. 1. 

Binding covers and copies of the Contents for Vol. 3 to 20 
are available, and may be obtained from the local agents for 
1s. 6d. and 3d. respectively. Subscribers can have their copies 
of Vol. 21 bound, with index included, at a cost of 3s. by 
sending the JourNaALs to the local agents. Orders for bind- 
ings, Vols. 1—19, should indicate whether the original binding 
with black lettering, or the later pattern in gold, is required. 
Covers with gold lettering will be the only type stocked from 
Vol. 20 onwards. 

The price of the JouRNaL is 15. 32. (1s. 64. post free) per 
copy, or 6s. per annum, post free. All back numbers 25. each. 


